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The Propnéed Pruject

As a natural evolutionary development of the Synchrotron Radiation
Center of the University of Wisconsgin, we propose to construct an electron .
storage ring of advanced design which will provide extremely intense -
synchrotron radiation over a spectral range extending from the far infrared to ', :
the keV x~ray region. I support of this prepesal The University of Wisconsin- -
Madison will undertake the building required to house the storage ring and to’
provide adequate research, laboratory, and office space for the mvestigaturs
carrying out research at the facility. Also to be provided by The University
of Wisconsin-Madison is complete access to the services and facilities of the
Physical Sciences Laboratory of The Unlversity of Wiseonsin-Madison In

- suppotrt of the construction of the proposed storage ring. While the cozastrubtibﬁ

and procurement of experimental apparatus for the research programs 1o be .
carried out upon completion of the expanded facility does not form part of this .
proposal, equipment sufficient to Implement fourteen experimental stations

at the proposed storage ring will be available from the existlng Synchrotron’
Radiation Center (Tantalus I) at the time of ccmmxssionmg of the proposed
storage ring.

Experience gained during the eight years that the Synchrotron Radlation
Center of the University of Wisconsin has beehn in operation as a national
facility has shown that while a high energy storage ring can provide usable
vuv and soft x-ray radiation in addition to the intense, kilovolt x-rays for

-which it is designed, such an answer to the rapidly Increasing national

demand for access to intense synchrotron radiation sources in the 10 to

1000 eV range is neither optimum nor economical, 'Therefore, the system
that we have designed consists of a 100 MeV race track microtron injecting
into a 750 MeV Intermediate enexrgy storage ring which is designed to be an

. intense source of vuv and soft x-rays to an energy greater than one keV.

This ring, which his been named Aladdin, will meet the presently forseeable
spectral and intensity requirements of the research programs it is designed
to serve without recourse to special elements (wigglers, etc.). However,
provision is made in the design of the ring for the installation of these
special elements should this prove desirable after the storage ring system

is complete. One of the special elements that might be installed in the future,

- the helical wiggler, places stringent requirements on the injector for the

machine in which it is installed, requirements that can only be met by using
another gtorage ring as the injector, Should the need to meet such require-
ments for the Aladdin arise, Tantalus I, the 240 MeV storage ring now in
operation at the Synchrotron Radiation Genter, will be used as 2 damping
booster to inject into Aladdin.



- Aladdin, as designed, will be 60 meters in circumference and will be -
equipped with 12 ports capable of passing 42 milliradians and 12 ports-each
capable of passing 120 milliradians of the synchrotron radiation pattern
produced by the machine, Each of the poris may serve one or more bheam
lines depending on the development of research needs, Two long {four
meters clear length) straight sections, easily convertible to low B r;mn-‘
figuration, for the installation of special elements such as transverse -
wigglers are included in the lattice. All synchrotron radiation source
locations of the electron orbit in the magnet arcs are af points such that . :
oy and Oy » the standard deviations of the electron beam envelope, are L
at or near minima and their derivatives, @ .+ and Uyt s 2TC vanishingly
small, ’ -

A variant of the proposed machine, called Super Aladdin, which - -
would be implemented after the commissioning and "running in" of Aladdin
through the installation of additional focusing elements i{n the basic Aladdin -
structure, will increase the brightness of the machine by a f actor of apprexiﬁ- o
mately six.

The radio frequency accelerating system for the machine will operate
at a frequency of approximately 50 MHz to minimize beam cavity interactions -
which could adversely affect the small electron beam cross sactitms thsi are

important features of the proposed storage ring.,

A comgauter which will be available during stored beam time to the
users for data handling and reduction on a time shared basis, will be used
to monitor and control the storage ring and its injeotor.' .

Although the periormance of the storage ring sysiem will he very hi@l,'
the design of the system is essentially conservative, Extreme state-of-the-
art desipgn has been avoided intentionally in the interests of achieving superb
performance in a minimum amount of time upon the completion of the constructwn
period which is estlmated to be two and one-half years.

While Aladdin is designed primarily to be an advanced synchrotron
radiation source, it could serve as a high performance booster for injection
into a 2.5 to 3.0 GeV storage ring designed specifically to be an intense source
to 40 keV and bevond should the needs of the research program at the Synchirotron
Radiation Center of The University of Wisconsin-Madison justify such an expansion
in the future,

The proposed facility will require a building to house the storage ring,

its asesociated support equipment and experimental areas. Tunds for the -
construction of this building will be made availahle by the Graduate School of
The University of Wisconsin-Madison,
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The storage ring building will be a single story steel framed insulated
metal building (160 feet by 136 feet) with a fully excavated poured concrete
basement. The basement floor will be poured on bedrock providing a stable
platform for the ring and experimental equipment. The storage ring and.
experimental area will be 160 feet by 95 feet with a 20 foot ceiling height.
This area will be served by three 2-ton cranes, The remaining 160 foot by -
41 foot space will be for loading, experimental set-up, power room, and .

experiment storage. The two basement areas will be separated by a two foot &

thick concrete shielding wall. The area above the 160 foot by 41 foot section -
will be the above grade structure containing the control room and offices.,

The entire facility will be heated and air-conditioned to maintain an -
environment compatible with the needs of the optical equipment which will
be in uge. All spaces will be protected by a fire alarm system,
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Justification and Need for the Proposed Project
A,  Selentific Justification for the Proposed Project

Synchrotron radiation has proven to be one of the most pi}wérful .
probes of the electronic and structural properties of matter available - .
today. There is a strong consensus in the sclentific community, as
has recently been documented in o National Academy of Science repcrt},
that research programs in physics, chemistry, materials science,
biological sciences, metallurgy, and in other disciplines are profztmg

‘from the unique characteristics of synchrotron radiation: Ihdeed,

all studies where an understanding of the electronic properties of a
system is of importance are being affected, and the promige for future -
application to such efforts ie extraordinary. A few of the research areas

which investigators are presently profiting from access to the intense '
continuum source are: the optical properties of ordered metals, ailoys,
semiconductors, and insulators, and of amorphous materials; surface
studies involving a freshly cleaved surface and its intéraction with . ]
chemisorbed and physisorbed atoms or systems; catalysis and catalytic .

‘hehaviors; the physics and chemistry of the gas phase (atomie, molecular, -

molecular clusters, aerosols, colloids, etc.) including all studies which
relate to the energetics of elecironic processes in gas phase systems;’

the hiological aspects which use the radiation for structural analysis and
dynamic behaviors; and the science and technologies which stand to profit”
from x-ray lithography and micrography techniques. It is important to

note that these studies are multidisciplinary, and that therefore synchrotron
radiation ig providing a common channel for communication between fields
of research which have historically héen isolated from one another.

Work in the vuv/sxr portions of the spectrum in all of these arbas has
been vigorously pursued at the Synchrotron Radiation Center. The Center
hasg been in operation for 8 years and during this time has been the proving
ground for many of the powerful experimental techniques now in general
use thore and elsewher&z.

Scientigts working in the atomic and molecular sciences stand to

- profit from access to intense synchrotron radiation vuv/sxr sources, Fer:

their efforts to be successful in the experiments now being designed, an
intense continunm source with a highly polarized, well-collimated beam is
ahsolutely necegsary. Their samples or targets are atoms, molecules,
radicals, or ions which are to he excited by photoabsorption, then ionized
{singly or multiply} or photodissociated, Essential information about the.
energy levels of the systems, the transition probabilities from one state

to another, the lifetimes of the excited states, the rate constants, and the
energy-dependent cross sections for photogbsorption can be obtained,
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A very intense synchrotron radiation source is necéssary for these studies -
gince high resolution (up te ~5x 109) for atomic and molecular experiments
is required. The intense, polarized photon beam produced by the modern -
electron storage ring makes it possible to study spatial distributions of . -
photoionization fragments., With the well-defined time structure of the.
radiation from synchrotron sources, it is possible to parsm fluore scence o
measurements and lifetime studies, L

These efforts are now concentrated in the vuv and sxr portions of _
the spectrum, and must be encouraged not only for scientific reasons but- -
also for environmental considerations, In spite of agressive synchroti'en )
radiation research efforts, there remain a great many common atmospheric
gases whose absorption kinetics and fragmentation characteristics are not .
well-known; among this latter group must be included in the fluoro- and
chlorocarbonsg which are thought to be important in the degradation of the
ozone mantel of the atmosphere.

Excited state gas phase spectroscopy promises to be an active area
for vuv/sxr research in the future, Technigques for the study of shsorption
in high temperaiure atomic and molecular vapors are being developed, -
thereby Increasing the number of systems that can be investigatedS,
Experiments have been proposed in which the system under study is
excited by 2 tunable dye laser synchronized to the storage ring beam,
allowing the interaction of the photon beam with the excited state fo be
studled, Continued efforte involving an intense and polarized photon beam
and ion beams, molecular clusters, or beams of short-lived radicals
should be highly productive, The simultaneous emission of two or more
photons or fragments following an lonization event can also be studled.

The further development of lon and excited state spectroscopies.
should increase the present level of interest and extend it heyond the
3000-300 £ range to the 300-30 R portion of the spectrum, Luminescence
measurements with solids will similarly continue. Fluorescence lifetime
measurements and measurements of the time-dependent emission spectra
from polymer materials will be possible by making use of the time structure |
of the intense, polarized phoion beams available from a storage ring. These
measurements exploit the natural iendency of molecules to rotate or randomly.
reorient, so the depolarization of the fluorescence spectrum would be a-
measure of the rotational processes involved,

Efforts at understanding the solid state or condensed phase of matter
are now Intense and can be expected to become more so as higher intensity
sources become avaflable, Reflectivity and absorption measurements have
been traditional sirong users of synchrotron radiation and will continue to
be4. These measurements give important information regarding electronic
properties, one-electron band structues, many-body edge effects, plasmon
features, and optical constants of materials which are of scientific and
technological importance.



The use of synchrotron radiation in modulation spectroscopy has
been developed by scientists at the Synchrotron Radiation Center_?‘ 18, and
the further application of this technigue should be valuable in more
accurately defining the electronic structures of many solids. Eleciro-
raflectanced, thermoreflectance®, and piezoreflectance or stress.
modulation will doubtless continue’, Magneto-optical studies8 have
recently been shown to be feasible with synchroiron radiation at the
Synchrotron Radiation Center, and these will be of great value in studies
of Ni, Fe, Co and the magnetic rare carth metals. Since these
techniques measure an ac component of the reflected beam which is
related to a small modulation of one of the internal parameters of the -
sample, they require a very intende and very stable photon beam because
the signals which are measured are typically a few parts in 107,

EXAFS (Extended X-ray Absorption Fine Structure) measuréments
are an extension of transmission or absorption measurements to shorter
wavelengihs and have-proven to be of great interest and value in a variety,
of studies. With access to an Intepse source of radiation that extends . :
beyond the carbon K edge ( ~ 44 A) to the one kilovolt Xx-ray range, EXAFS
studies with less tightly bound core levels would be pursued to advantage .

Photoelectron spectroscopies provide means for studies of both the
gaseous and condensed phases of matier. Much of the pioneering work
with UPS techniques using synchrotron radiation has been performed at the
Synchrotron Radiation Center?, and this work is likely to continue at greater
levels as the photon flux available and wavelength range covered increase, |
Partial yield or photoyield spectroscopyw provides the distribution of .
elactrons emitted as a function of photon energy. T the vuv and sxr, the
partial yield closely resembles the absorption coefficient and provides a
valuable way of observing core structures in highly -ordered crystalline
samples., Consiant m1tlal-sta,te-energy spectroscopyll involves scanning
the photon energy and the retarding voltage of the electron energy analyzer

synchronously and requires continuum sources with the highest flux possible, -

Constant final-state-energy spectroscopyll similarly involves scanning
photon energy. These experimental methods are very valuable in charting
the development of optical absorption structures and assessing the importance
of particular sets of initial and final states, These techniques aré spplicable
to all types of solids and are therefore very powerful, In particular, they
complement conventional photoeleciron spectrogcopies which study the ‘
kinetic energy distributions of emitted electrons at fixed incident photon
eneryy.

An extremely interesting development in photoelectron spectroscopies
has involved the angular selection of emiited electrons. This is the technique
of the angular resolved uliraviclet photoelectron spectroscopy (ARUPSHZ in

which the collection of emitted electrons is restricted to those possessing
a particular initial state momentum as well as energy. Thesge studies not only

hold great promise for unraveling the details of electronic properties of solids,
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but they are also exciting for studies of surfaces and surface kinetlcs.
Surface bond orientationg and strengths- and their dependence on surface
coverage are of great importance in materials. science studies of surface .
properties and thus will have profound implications in catalysis and’
catalytic processes. In all of these studies, an intense, polarized
photon beam is necessary since the numaber of emitted elecirsns into

the analyzer window is small.

In existing photoelectron studies, those performed with radiation
from Af K, x-ray line source (photon energy 1486 eV) have been
termed XPS. Much of the distinction between UPS and XP5S is lost,
however, when access to a medium energy, high intenmty sjorage ring
source is possible. We have emphasized the range A2 10 A - and by
that definition, all existing XPS work would be included in the sxr range -
and lies well within the capability of an infermediate energy storage ring.

A development which should greatly enhance UPS and XP8 studies
involves the use of visual display methods for investigating the dngular
distribution of photoemitted electrons, Again, the demands on the photon
source are primarily that it be continuous in energy and extrémely intense.
Another interesting development which has been shown to be feasible but-
has not yet been fully exploited involves the use of UPS for.surface elemental
mapping., This photoemission electron mieroscopy involves the analysis of
the emission image as a function of photon energy. High intensity of the -
beam is again of prime 1mp0rtane<§.

Another characteristic of synchrotron radiation, the use of which has
been pioneered at the Synchrotron Radiation Center, is its capability to
function as an shaolute standard for radiometry gurgﬁsesw. The radiation -
output is readily calculated when the ciroulating beam current 1s aceurately
known., With a storage ring source, other sources and detectors which
are used in 4 variety of applications in sc¢ience and technology c¢an be
readily calibrated.

Radiation damage can be studied in solids since the intense photon
beam can be used to creale eolor centers, paramagnetic radicals, elc, 14.

Tor many of these measurements, a high intensity source is necessary..

X-ray and soft x-ray lithography and microg'raphyw can be readily

‘performed with an intense synchrotron radiation source, The lithography

techniqué s a simple one and involves exposing a photosensitive plate with
the sample to be studied or duplicated above it serving as a mask or master.
Hence, an exact copy of the sample is produced with high precision and great

speed. The applications of this technique are great both in scientific

contexts and in microcircuitry technologies., With lithography techniques,

it becomes feasible to mass-produce circuit elements that are limited only
by the techniques for producing the master (electron beam etching, eto.).
However, much challenging fundamental and applied research in materials
science and technology must be carried out before this promise is realized.
The materials science group at The University of Wisconsin-Madison 1s now
organizing a broadly based program in these areas and a discussion of their
plans i8 given in Appendix II .
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* In addition, lithography and micrography offer the potential of studying -
dynamic behaviors both in materials science and in biological studies. Phase
transformations, studies of defects in fabrication, and studies of ;aolymers -
could be pursued to great advantage, : :

It has been pointed Builg, and is an intriguing possibility, that the - )
seaj:tering of microwave and laser photong off the electron beam Ina stsrage
ring could produce a highly collimated, near mono-energetic beam of x-rays

or gamma rays. While the cross section for the process is small (~ 10-26 czﬂg), R ¥

the stored beam would be sufficiently high so that output beam flux studies in
the range up to perhaps 30 MeV would be possible. The energy of the output.
beam could be controlled by varying the incident photon energy or the electron
energy. The duty cyele of the resuliant T-ray beam, which would be the same
as t,hat of the circulating eleciron beam which is bunched, can be as large as
10-1 , a value only exceeded by superconducting linear accelerators, In
addition, the I -ray beam will be uncontaminated by elecirons.

<t




-

B. Applications to Energy Research

It is extremely difficulf to separate those aspects of regearch which
are relevant to energy applications from those which are not since most
research is multidirectional, This is particularly true with regardto -

research efforts involving synchrotron radiation,

It is a truism that & wide variety of studies contribute results that
have considerable impact on any energy-related decision, ' Among the
studies which have the most profound influence are those which relate
directly fo the electronic properties of matter, for it is those properties
which will dictate a system's behavior and energetics, & is the electrons

“which respond to external fields; that conduet energy in transmission lines =

or slectrical circuits; that absorb solar energy and are therefore important
in energy storage cells; that determine a material's behavior when heated
to elevated temperatures; that dietate whether a system will exhibit super-
conduetivity; that define the behavior of aerosols or colloids; that are
involved in catalytic behavior; that participate in energy:synthesis and . B
reactions in biological systems; that define the characteristics of a surface
and hence its reactivity and corrosion properties; that are involved in '
processes at interfaces in solid state devices; etc. I the electronic
properties of the system are not known, the prediction of the usefulness
of the system in technological applications is extremely difficult. = -

Research efforts which exploit synchrotron radiation are largely
devoted to studying the electronic properties of matter in its many forms
(gas, molecular cluster, colloid, crysialline and amorphous séiid, surface,
etc. ) and are carried out by studying the interaction of electromagnetic N
radiation with the system. - Optical reflectivity and absorption; photoelectron
spectroscopies; atomic absorption and excitation and ionization; crystal
structure measurements; topographical analyses and time-development -
studies -~ these are all researches which ask the fundamental question:

How will the system respond to electromagnetic radiation, whether it is
ultraviolet light, soft x-rays or hard x-rays - how will the energy be
absorbed and once zbsorbed how will the energy be transported about the
system? : :

Synchrotron radiation is an absolute necessity in these studies of. -
matter. I makes it possible to bring a host of techniques to bear on
problems of scientific and technological interest. A facility which
provides synchirotron radiation to the community makes it possible to
attack technical problems in an efficient and powerful way,

Direct examples of synchrotron radiation efforts which bear on
energy problems are numerous, Optical studies involving reflectivity
and absorption measurements give direct information about the optical
constants, and these are measures of how much solar energy a system
will absorb and how efficienily it can do so. These studies maks it
possible to design comiplex composite systems to be used in abserbing,
storing, and transporting solar energy. Such studies are also important
in determining the high temperature behavior of systems since emissivity
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can be caleulated from optical constanis and the emissivity determines
how rauch energy will be lost due to blackbody radiation,

Photon and photoelectron specf.mscopms depend eritically on a
suitable source for radiation, and such studies provide-detailed information
on hoth bound and continuum levels of atoms, molecules, ions, and the . )
solid state. Further, research on atomic and molecular interactions, gnd -
studies on molecular structure, including very short-lived regction - '
intermediates, can be carried out at the proposed facility.

Metallurgical studies stand to profit enormously from the availability
of an intense radiation source. Metallurgical processes such as the tendency .
for surface faceting, the formation of grain boundaries in polycrystalline -
materials, and solid-state interfaces in composite materials can be
investigated, Corrosion and oxidation can be studied in materials of
importance, Time development or dynamic effects in sollds such as
crystalline growth, fatigue, creep, etc. can be studied in ways not
possible with other photon sources. .

Catalytic studies are exeiting and arve urgently reqmred in our %ngh
technology society. Synchrotron radiation provides a powerful probe for
studying the kinetics and dynamics of catalytic processes. Since the
surface is all-important in catalysis, surface-sensitive measurements
such as ultraviolet and x-ray photoelectron spectroscopy are invaluable,
Electron micrography ecan be used to advantage to siudy surface consgiituenis

and composition,

Radiation damage can be studied with high intensity photon beams from
a storage ring, The data gained are direcily relevant to the CTR program
and to laser fusion efforts. Studies of gas desorption by intense radiation
beams are relevant to the CTR program, Information gained in these studies
very probably will have important application in the development of high
efficiency devices utilizing solar energy directly to hydrolize water,

Materials of interest in superconductivity are being studied with
synchrotron radiation, The data resulting from optical and photoelectron
studies make it possible to understand the elecironic energy states, the
knowledge of which is critical in superconductivity. Further, crystallo-
graphic and topographical data malke it possible to produce better-characterized
superconducting devices.

Combustion gr rapid-oxidation processes can be better understood by
studying molecular beams and aggregate systems with synchrotron radiation,

Studies of ga.é kineticg and reactions are very iroportant in anderstanding
the atmosphere about us. Of immediate Importance is the mﬂﬂence of aerosols
and SS8T pollutants on the ozone mantel above the earth,
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Synchrotron radiation research efforts have had tangible impact on .
" the technology of today and the decision-making processes involved in
energy research and development. The development of further synchrotron -
capability can only enhance the impact In the future, I should be borne in.
mind that experiments relevant to every application listed in this and the. 4
previous gection are either now bemg; performed or are in preparatinn at .
existing synchrgtron radiation facilities,




o s e 4

12

C. - The Synchrotron Radiation Center of The University of Wiscénsin; h

Madison in Relationship to Other U, 8. Synchrotron Radiation Facilitiés

At the present time, research utilizing synchrotron radiation is eaﬁried .
out at four facilities in the United States, These facilities are located at the -

University of Wisconsin, the Stanford Linear Accelerator Center, Cornell

University, and the National Bureau of Standards. Of these, the first.three-

are supported in part or in total by the National Science Foundation, the:
fourth being supported by the Department of Commerce. The facilitias at
the Stanford Linear Accelerator Center (SSRP) and the Cornell Synchrotron.

are parasite operations ~ the operation of the machines used as synchretron v

radiation sources at these facilities being funded primarily for high energy -

physics research, The machines used at the Wisconsin Synchrotron Radiation o

Center and the NBS Synchrotron Uliraviolet Radiation Facility are dedicated-

machines, i.e. the function of these machines is limited to providing synchrotrsn

radiation for the vacuum ultraviolet and soft x-ray research programs being .
carried out at the facilities that they serve. The research facility at the
Cornell Synchrotron is at present small, serving a single in-house group for
investigations at 30 keV and higher energies. The SURF facility at the NBS
is larger but, while plans do exist for making access to this-facility available
to other groups, during the near future this facility will continue to be used -
by Madden and his co-workers primarily. Neither the Cornell nor the NBS
facilities are likely to become capable of supporting research programs of
the extent and variety that are currently underway or being planned at the
Wisconsin and S8SRP synchrotron radiation 'aenters in the forseeable fuiure,
Thus, they are not likely to provide a large fraction of the naiienal eapamty
to support synchrotron radiation research,

The Wisconsin and 8SRP facilities are.national facilities funded by the
NSF to serve all qualified investigators. The Wisconsin Radiation Center,
which bas been in operation for eight years, serves the needs of a large .
and growing number of investigators working in the vacuum ultraviolet
and soft x-ray ranges up to approximately 300 eV, The electron storage
ring at the Radiation Center, Tantalus I, fulfills the requirements of a
wide variety of investigations for a stable, intense, continuum source of
electromagnetic radiation over a wavelength range extending from 5 nm
to 300 nm. It also provides usable photon flux into the far infrared
{200 pum). Areas in which investigations are presentlv being carried out

~at the Radiation Center include

1, High resolution absorption spectroscopy of solids and gases:
2. High resolution reflectance spectroscopy of solids
3. Electron photoemission spectroscopy of solids and gases
with variable photon energy
4.  Photo induced luminescence in solids and gases
5. Photoabsorption, dissociation, and ionization cross
section measurements
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9,
10,
11.
12,
13,
14,

s 13

Physisorption studies

Chemisorption studies :
Thermo~-modulation reflectance spectroscopy
Electro-refleciance spectroscopy
Magneto-reflectance spectroscopy
Magneto-transmission spectroscopy

Standard light source applications
Angle-resolved photoemission with gases
Angle-resolved‘ photoemission with solids

A list of the groups scheduled to use the Radiation Center durmg t‘he
period September 1, 1976 ~ August 31, 1977appears below,

Principal lvestigator

General Area

Institution of Interest”

Funding Agency

 ERDA

E. Arakaws Hollifield National Labs 3

D. E. Aspnes Bell Labs K Bell Labs
A. Balzarotti U, of Rome 2 " NATO
* (G, M., Bancroft U, of Western Ontario 3 - NRC - BRC
R. J. Bartleit Log Alamos Seientific Lab 2 ERDA-

J. Berkowitz Argonne National Lab 5,13 ERDA

M. J. Berry U. of Wisconsin-Madison 4 AFQER

F. C. Drown U. of Ilinois 1,2,11 NSF

T, A, Callcott U, of Tennessee ] 2 NEF

R. N. Dexter U, of Wisconsin-Madison ,2,3 = = .

D. F. Eastman IBM 4,6,7,14 IBM - -AFOSR
J. L. Erskine U. of Hlinois 10,11 NSF '
E. T. Fairchild U. of Wisconsin-Madison 12 NASA

k7, Gastafsson U, of Penngylvania 3,6,7 NSF

R. M, Hexter U. of Minnesota 4

D. R, Huffman U, of Arizona 2 NSF

7. Hurych Northern Mlinois U. 3,6, 7 NSF

A, Ignatiev U. of Houston 3,6,7 NSF

D, L. Judge U. of Southern California 1,5 - NSF- NASA
M. G. Lagally U. of Wisconsin-Madison 3,6 NSF '
G. J. Lapeyre Montana State U, 3,6,%,14 APOSR

I}, Lichtman U. of Wisconsin-Milwaukee 6,7 NSF

D. W. Lynch Towa State TU. 1,2,8,9 ERDA

D. 8. McClure Princeton I, 4 _NSF
M, Piacentini U. of Kome 8,9 INRC ~ ERDA
E. W. Plummer U. of Pennsylvania 3,6,7,14 N&F

K. Radler Argonne National Lab - DESY 5,13 ERDA

T. N. Rhodin Cornell 1. 6,7,14 N&F



General Area

’L‘

E

'rr

Principal Investigator Institution of Intarest I‘tﬁtndmg Ageng
N

H

J. E. Rowe Bell Labs - 6,14 _Bell Labs
J. A, R. Samson U, of Nebraska 5 - . © NSF ~ NASAY¢
D, R. Bandstrom Washingtou State U, 6,14 - . NSF - ' ?}é_
N. V. Smith Bell Labs 3,14 . -Beu,Labs-"
E. A. Stern U. of Washington 10,11 Ns§F
J. R. Stevenson Georgia Mstitute of Technology 1 AFOSR | -
R. E. Thomas U. S. Naval Research Lab 3 ONR
J. W, Taylor U, of Wisconsin-Madison 3,5 - . NSFP . &
. ‘ﬁ:’

A

* Visiting hvestigator at the Synchrotron Radiation Center of ’The Unwersl,ty of-
Wisconsin-Madison, 1975-76.

Fk meng Investigator at the Synchrotron Radia&mn Center of The Unimrmty of -

Wigconsin-Madison, 1976-77. .

- In addition to the groups listed above, an Vin house" group; composed of -
members of the Radiation Center Operations Group and graduate stilden£s, carries
out a variety of investigations at the SRC, Among these are optical and photo-
emission studies of metals in the 2-100 eV range, photoabsorption, photo~
dissociation and ionization cross section measurements in gases in the
20-150 eV range and studies of optical systems for the 10-250.eV range.

The scope and content of the research programs carried out by the users
of the SRC continue to grow and mature in a highly satisfactory way, as the
Publications List appended to this proposal shows {Appendix . This is due to
both the high guality of the investigators working at the SRC and to the efforts of
the SRC Operations Group in the constant improvement of the capabiltties of the
Radiation Center to support the investigatlions carried out there. .

Photoemission spectrogcopy which was initiated af the Center in 1571 by
Dean Eastman of the IBM Research Laboratories is now the most commonly used
technique at the Center, In the last two years this technigue was applied with
congiderable success to surface studies, an area is which research is now
largely carried out through low energy electron diffraection (LEED). In particular,
the research programs being carried out by Eastman and Gudat {IBM) on semi~
conductor surface states; and Hurych and Benbow (Northern Illinois University)
on physisorption and chemisorption deserve mention here, .

Angle resolved photoemission has become a well established technique at
the Center after the initial demonstration of the method by G. J. Lapeyre
(Montana State University) and N. V. Smith (Bell Labt}ratories} A rofinement
of conventional photoemission spectrescopy, this technique, which @xplmts the
high degree of polarization of synchrotron radiation, is now finding considerable
application in zolid state investigations, surface studies, and, most recently,
gas phase photoemission studies, )

A,
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Modulation spectroscopy beyond the lthium fluoride cutoff, which was a
novelty three years ago, has now reached a rather high degree of perfection: = -
D. Aspnes (Bell Labg) and C. Qlson (Ames Laboratory) showed that it is now = -
possible, through these measurements, to assign energies to band structure
features within a few tens of millivelts, More recently, these investigators
have obtained results of far reaching implications on the ordering of conduction
band minima in GaAs through these techniques., While the bulk of i:hese -
measurements have been carried cuf so far through thermo or electro mudulation, '
magneto modulation spectroscopy has been demonstrated at the Centerina ~ -
preiiminary but highly successful experiment by J. Erskitie, University of Hlinols, - = -

The SSRP center, which has been In operation for about two years, serves o

the needs of investigators working primarily in the 3.5 keV and higher x-ray

energy range, That center also has capabilities for supporting research in the .

vacuum ultraviclet and soft x-ray range, but these cannot at present mai:ch the
capabilities of the Wisconsin center,

However, the needs of the gcientific 'community for access to radiation
sources covering the intense spectral range between 180 and 3000 e‘f are not
being met at any existing facility in the U, 8.

Further, both the number of investigators requiring access to the
wavelength ranges covered by the existing facilities and the time they require
on gite will increase dramatically during the next five years. This will ¢ome
about for several reasons, not the least of which is the very high degree of
success so far achieved by those now at work at such facilities both here and
abroad. A second and more compelling reason is that more and more appli- -
cations for synchrotron radiation are_being developed as time goes on. '

It is expected that the Wisconsin radiation center will continue to
develop in the capability to service the needs of the vacuum ultraviolet and
soft x-ray community over the next five years, mainly through improvements
in source brightness and the quality and quantity of instrumentation available
at the Center to investigators. But there are limits beyond which the
capabilities of this facility to serve the needs of the scientific community
cannot be increased., These limitations are placed by the design of the
machine itself and it is primarily because of these limitations that interest .
in a new synchrotron radiation source has become so pressing. Tantalus 1,
while probably the most intense source of synchrotron radiation in the 5 to
50 eV range in the world, does not produce sufficient flax for the third
generation experiments now being contemplated in the vacuum ultraviolet and
soft x-ray range. Furthermore, it is a very weak source indeed at energies
greater than 200 eV, a range which is currently being considered as a fruit:fzzl
area for research.
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D.  Projected Utilization of the Expanded Wisconsin Synchroti'on Radiation Center

An assessment of the utilization and needs for synchrotron radiation in this
country was completed in anticipation of this document, The projections are
hased on our evaluation of the impact of synchrotron radiation on various areas
of science. They are based on our long~term exposure to users and their - -

expressed needs as well as estimates made by other scientific groups in the
U. 8 We have also compared our projections of growth to those of our Eurt}pean
eolleagues and also with those of our counterparts in England,

By 1985 we see a minimum U, 8, requirement of 70-75 vacuum ultraviolet
. and soft x-ray (vuv/sxr) stations. This projection 1s for a growth factor of
four to five in the vuv/sxr utilization. This projection for growth can be
justified both by examination of the historical availability of stations in the

U. 8. and from an examination of the scientific areas and the numbers of
scientlsts that will be affected by access to synchrotron radiation in the energy ’
ranges and iﬁtenszltles available from an electron storage ring.

N e L e

The historical development of syncbrotmn radiation in-this couniry led
to the early development of vuv utilization beginning about 1962 at NBS, The -
effort at Wisconsin followed, and the Radiation Centor's Eighth Annual Users
Meeting was held here in October, 1975, attracting 86 American scientists
and 20 foreign scientists. At the present time, the facility at Wisconsin
provides stations for ¥ vuv experimenis. Growth at the facility has been’
sirong. During the 1975-1976 operations period there was a 60% increase
in the number of groups requesting aceess to the Synchrotron Radiation -
Center of the University of Wiscongin-Madison compared to the 1974-1975
operations period, The mailing list for the annual meeting, which provides
an indication of the interest of the gcientific community in the experiments ,
in progress at the Radiation Center contains the names of 494 advanced degree -
acientists, 154 other sclentists {including graduate students), and 167 foreign -
scientists, We conclude, therefore, that the interest of U, 5. scientists is -
strong, and that our present facility will be inadequate to meet the require-
ments of users who want to utilize synchrotron radiation for their research .
problems in the near future. : -

s

An estimation of the growth potential in the utilization of synchrotron
radiation for research and technological purposes is a difficult task because '
the impact of synchrotron radiation on many areas of research is just
beginning to be felt, and it is difficult to judge with certainty how a given
field will react to new capabilities at its disposal, We have been guided
in this evaluation, however, by asking the question o whether or not the .
capabilities a synchrotron radiation source offers the scientist because of
its properties such as intensity, tunability of energy, time structure, vacuum,
etc, will permit experiments not possible previously, We then asked what
body or group of scientists would be affected by the opportunity to do these
experiments, In the areas of the life sciences, material sciences, photo-
chemistry, and technological applications, the mimber becomes quite large, -
~ An important scaling factor, however, is how many of this grf}tap can be
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identified as being likely to devote a significant fraction of their time to
making use of a national facility utilizing the availahle radiation, Finally, -
of this smaller group of essentially full-time users, we asked how many -
stations in the energy range up to 1 keV would be necessary to supply |
their needs, The scaling factors, which we believe to be conservative,

we have chosen are a factor of 1/3 of the groups that we can identify now,
and the number of needed stations as 1/4 of the number of these essentialiy
full-time equivalent users,

In the vuv/sxr areas we identify a group of life scientists who work
at longer wavelengths and who employ photoabsorption and fast fluorescence .
techniques to characterize biclogically active compounds. This group may
be significantly affected by the ability to do EXAFS at the carbon edge,
~285 eV, as well as with other atoms, which are important from a hiological
or blochemical viewpoint, We conservatively estimate 60-80 scientists in
this group., In the research areas involved with the characterization of
materiala by absorption, reflection, and photoemission, we predict a paient;;a,l
user group of 500-60¢, In support of the growth in the size of this group, we
note, that under the titles "Electron Spectroscopy L Ultraviclet Photo=
excitation and Electron Spectroscopy II. X-ray Photoexcitation, " the
Fundamental Reviews compiled every two years by Analyiical Chemlistry
list 315 papers in 1972 review, 760 in the 1974 review, and 928 in 1876, .
(The reviews In 1974 and 1876 also included electron eXcitation, and thege -
papers are excluded from the quoted numbers.} Most of the work cited in
these reviews has been done with line source excitation and without extreme
care to avoid surface contamination. ‘

In the molecular excitation and photochemistry areas, the potentlal
for growth is very great because of the small numbers of chemists who are
presently involved in experiments utilizing synchrotron radiation, Most
chemical studies which employ vuv radiation are involved with questions of
bonding, structure, energetics, or rearrangements, Some of this information
has been provided from photoelectron spectroscopy. The size of the photo-
chemical community impaeted is difficult to estimate because it is possible
that tunable lasers may provide part of the user requirements in this area
of research, We do note, however, that a new society called the "Inter-
American Photochemical Society! was recently formed as a consequence
of discussions held at the VIII lnternational Conference on Photochemistry
at Edmonton, Canada, in August, 1975, and that the initial membership >
appears to be 400 or more, Estimates of the photochemical group are for
50-60 synchrotron radiation users by 1885,

In the technological applications area, we again find a strong correlation
between the physical measurements and information on energy conversion ‘
devices such as solar cells where the energy band gap characterization
becomes important, and catalytic conversion devices where knowladge
of the cheémistry and characteristics of the surfaces becomes important,

New breakthroughs in thig particular area may significantly alter all

+ b b . rh o o a8 S % gy
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estimates of the use of syuch rotron radiation, but a very cansarvahive
estimate would place 100-120 scientists in this category, 'The summary
totals at this point, with the appropriate scaling factors chscussed eariier;
vield an estimate of 67-72 vuv/sxr stations. :

In addition to these estimates, we expect that a facility with a research.
staff and experimental chambers designed to work with a variety of samples .
may impact a considerably larger group with scientific and technological
problems thai could be studied but no equipment to bring to bear on these -
particular problems. At this facility we would provide 2-3 vuv/sxr stations -
for use in this mammer. This final addition brings the totals to that predicted. .

‘earlier,
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E. ‘Users' Requirements of a National Synchrotron Radiation Facility . A

In addition to the universal goal of high intensity in the desired
gspectral region, all users of gynchrotron radiation share at least some
of the following general requirements: high brightness {(small source
crogs section), continuous range of wavelengths, polarized photons,.
collimation, freedom from higher order overlap, low stray light, and
a well defined time structure. All users look For a highly de;;eaéabla,
gtable, intense source which is avaiiabie 50 weeks per year,

Since demand for beam time is very high and because incmasiﬁgly
complex experiments will require increasingly large amounts of beam
time, the facility should provide the maximum number of beam ports,
each tatlored as closely as is practical to the user's requirements, -
Indeed, the number of beam ports must exceed the expected average -
number of users, because only then is It possible for the facility to
maintain the newssary flexibility to respond to variations In user demand,

A svurce suitable for vuv/sxr work should pmvzde mtense‘ radia’cion
up to the hard x-ray threshold (3 keV) without significant hard x-ray
contamination. The problems of spectral purity are as severe in the
vuv/sxr range as in the hard x-ray range thigher order radiation can be
an exiremely severe problem in this region where efficient filters and
energy sensitive detectors are fiot avalilable)., There are additional-
considerations that are unique to vuv/sxr research.

I the vuv/sxr portion of the spectrum, wavelength selection is
done with gratings, and optical elements are grazing to near normal A
incidence mirrors. ¥ the incident power density is sufficiently small,
efficient, relatively inexpensive polished gnartz mirrors and conventional

-replica gratings may be used. ¥ the mirror can be positioned close to-

the sonrce, large solid angles of beam can be collected and directed to
an experiment. It is desirable to eliminate high energy radiation from
these beam lines to decrease the damage to optical elements and to
eliminate the personal radiation hazard, hdeed, in this portion of the
spectrum, it is very important to maintain personal access to all parts
of the experiment and the preceding beam line so that the visual portion
of the spectrum may be used for allgnment, and so that the experiment
may be operated "hands-on'' to maximize the produectivity and minimize
the expense. Allowing beam lines free of high energy contamination and
arranging for total personal access, however, must not be at the ex;:»en.aa
of personal safety or the performance of the source.

In the vuv/sxr region it must be pbssihi;a to accommeodate ultrazhigh
vacuum sample chambers, since it is necessary to avoid contamination of
the sample surface in many experiments, The difficulty of constructing

windows of any practical value for vacuum sgeparation means that, in general,
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the experiment, monochromator, beam line, and the source must operate -
in a common ultrahigh vacuum. On the other hand, in experiments conducted

with samples in the gas phase sample chambers typlcally operate at pressures
orders of magnitude above those in the storage ring and the other experiments-

comnected to the ring.. Further, often times the samples that aré of the greaﬁeSt- _ a4

sclentific and/or technological Interest can create unacceptable contamination -
in the storage ring, the monochromators and in ultrahigh vacuum sample L
chambers which, of a necessity, share the common vacuum system, Thus

differential pumping on beam lines to protect the investigators from each othé.r

and to protect the storage ring against all eventualities is a matter of extrénie_ '
importance, The adequacy of these measures will determine the range of
investigations that can be carrled out at the facility. '

The operation of storage rings as national synchrotron radiation facilities "

implies a significant amount of experimental support. The unique properties

of synchrotron radiation that make it such a valuable source also Introduce .-
unique problems in designing and constructing beam lines, monochromators, =
and experiments to use the source to greatest advantage. Therefore, as is
currently done at Wisconsin, the facility must be prepared to design, construct,
and maintain the beam lines and optical elements up to the output of the mono-
chromator, However, the management of experimental chambers for general
use involves different considerations. Currently, responsibilities for experi- -
mental chambers at the Wisconsin Synchrotron Rad1at1on Center fall into
three categories:

a) An individual user group supplying the necessary
chamber and associated electronics and support
equipment. :

b) Collaboration, particularly for a new group, v&ith _
an exlsting experienced group.

c) Complete experimental equipment provided and
maintained by the facility and used 1n collaboration
w1th the in-house group.

All three approaches to experiments work well and each has its advantages,
If a national facility is to be available to a maximum number of new users,
categories b) and c¢) are very important. Experiments in the vuv tend to
require a variety of individually designed sample chambers so that one would
expect a) to continue to be important and it should continue to be possible

to adapt with a minimum of effort, experimental equipment that a group

uses in its home laboratory.




L1

—

AEREE ] ol

oLl

!

R

]

R

21

A level of support facilities beyond those required for maintenance
of the machine and beam lines will be required for maximum efficiency.
An easily-accessed data reduction computer. should be available for ,
preliminary analysis of data even If the user does final data reduction at -
his home institution. The wide variety of experiments that will be performed
will require basic laboratory support facilitles In chemistry and biology for
sample preparation and characterization, The inevitable difficultles - . -
encountered in experimental sclence require readily available electronic o
and mechanical engineering and shop support facilities.

Finally, since users, particuiariy those working in the vuv!é:;r- region, ‘
will spend substantial periods of time at the facility, low cost, comfortable

housing should also be available, on site. The existence of such housing will o

do much to increase user officiency and to decrease research costs,




F.  Characteristics of Synchrofron Radiation of
Importance in the Design of a Storage Ring Source

Electrons experiencing centripetal acceleration in the magnetic gnide
fields of a circular accelerator radlate electromagnetic energy as was
predicted by Maxwell., I their own frame of reference, they emit 5 -
characteristic Larmor radiation pattern. For highly relativistic electrons,
this pattern becomes strongly distorted in the forward direction as viewed
by an observer in the laboratory frame, Thus, if one looks in the orbital - "
plane in the direction opposite to the electron's motion and tangent to the
orbit, the electron will be seen as a bright point of light, A narrow cone’
or radiation sweeps past the chserver just as the eleciron reaches the
tangent point being viewed. The fundamental orbit frequency and many
higher harmonice are present In the light observed. In fact, harmonics -
of the orbit revolution frequency up to the order of v 3 are present. o
However, the gpectrum, while in principle composed of discrete harmonics -
of the electron orbit frequency, actoally appears to.be a continuum even for
a single electron because the spacing of the harmonics 18 86 close; . For a
number of electrons, due to the natural spread in orbit freqneneies resulting
irom the energy spread of the beam and small amplitude oscillations of the
electrons aboui the central orbit, the gpectrum is smeared and thus truly
becomes a continuum,

The spectrum is characterized by a strong peak at the shorter wave-
lengths and a relatively slow fall-off towards the longer wavelengths., The
wavelength position of the peak is proportional to 1/y d , thus the short
wavelength capabilities of a particular accelerator ag a source of synchrotron )
radiation is an extremely strong functlon of the accelerator energy. At
wavelengths close to the spectral peak, which 1s very nearly the same as
Ag s the so-called critical wavelength given in angstroms by } c = 5.59 R/ES
where R ig the local radfus of curvature of the electron path, the radiation
from the circulating electron is contained within a narrow vertical angle
glven approximately by ~ 1/y . This is a natural result of the trans~
formation between the electron rest frame and the laboratory frame of
reference, Due to this strong vertical collimation, the light from a
circulating beam of electrons is unlike that from any other source:

While photons are emitted over the full 2w of the orbit, they are emitted
in a rather flat pancake vertically. Further, again as a natursl result of
the transformation, the light 18 strongly polarized in the orbit plane,

In fact, on the orbit plane, the light is 100% polarized and elsewhere,
above and below the orbit plane, the light is elliptically polarized.

‘Taken together, these propertiies are responsible for the great utility of
synchrotron radiation In many and diverse scientific Investigations,
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The spectral properties of synchrotron radiation were first ealculated
in detall by Schwinger and later verified experimentally both in the United -
States and the Soviet Union in the yvears Immediately following the Second
World War., Formulae for calculating these spectral properties are now
well-known and will not be reproduced here, However, one of these expressions

has important implications to the design of any modern synehmtrt}n radlation
facility:

' " ..1/3 -
dl photons _ 13 [R(m))] . )
I ——— 8,35 x 10 J (ma) ‘.
d sec A mrad : A {A)}é; 3 o

I this expression, it will be noticed that the phstem flux is mdependent of the
electron energy and varies as only a weak power of the local radius of curvature
of the eleciron orbit. Thus, the synchrotron radiation specira from electron -
accelerators of quite different energies are remarkably similar at wavelengthsf -
far from A .. This fact, plus geometirical considerations to be discussed in a B
later section, explalns why it 1s possible for the relatively low energy

(240 MeV) machine at the Synchrotron Radiation Center of The University of .
Wigconsin, Tantalus I, to compete with and surpass the performance of :
machines of much higher energy such as SPEAR or DORIS in the photon energy
range below 50 eV, Thig performance level is achieved without the complications
arising from hard x-ray contamination of the photon beams that are characteristic
of high energy machines. Further, because the degree of elliptical polarization
of "off orbit plane' radiation is proportional to A/X ¢ » the total polarization “
of the synchrotron radiation will be better at a given wavelenpgth the cloger it

is to X, . These considerations give support to our contention that a synchrotron
radiation source for vuv and soft x-ray research should have the largest value
ol )\, consistent with the needs of the research program, ’

In practical sources of synchrotron radiation, that is to say in eleciron
storage rings and synchrotrons, the electron beam has a gignificant cross
seclion which is characterized by the parameters ¢, and o, . In addition,
the cross section of the electron bheam varies ag a function of position along
the orbit, Thus, along with ¢, and ¢, , the additional parameters o !
and ¢ 1 which are the derivatives of the beam c¢rosse section with respect
to circumferential position must be taken into consideratlon in comparing
synchrotron radiation sources, ¥ ¢ y! ig larger than v -1 s the brighiness
of the electron beam as a source will be unnecessarily degraded. Therefore,

it is of great Importance to make 0, and o, and thelr derivatives as small
as possible at the source poinis in machines %esgned to be synchrotron

radiation sources in order that the highest brighiness be achieved,

The energy that is radiated by the electrons must be restored or the
electrons will be rapidly lost from the machine. This is accomplished by
applying a radio frequency to the elecirons as they circulate by means of a
sultably designed resonant structure, The dynamics of the interaction of
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the electrons with the accelerating system result in the electrons being
bunched. Thus at a particular point on the elrcumference of the machine

the synchrotron radiation occurs in discrete "flashes"., The circumferential
length of these bunches, which determines the time duration of the flashes,

i3 designated o g . This is a machine property of linportance to investigators ,

concerned with time resolved spectroscaopies. -

These parameters ¢ y, 0y, Oy s oy, and Og are determined by -

the design of the machine and they exert a strong influence on the research |
utility of the synchrotron radiation source., Thus the design of a modern . -
source is best carried out by accelerator speciallsts with an app r‘e’ciatioi;‘
for the research aims of the investigators, ' ,
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Description of the Expanded Facility
A,  Brief Description of Aladdin and Super Aladdin

To meet the needs and criteria established in the previous section,
we propose to construct an intermediate (750 MeV) energy storage ring;
which we have named Aladdin, the design features of which reflect hoth
the experience gained by us in operating an extremely successful synchrotron
radiation research facility for the past eight years and extensive input by .
our user group. Aladdin, as designed, will provide two orders of magnitude
greater usable flux in the spectral range now being investigated with Tantalug I
as well as a much increased spectral range. A modification of Aladdin, to be -
carried out after "running in", can increase the gource brightness of the
proposed machine, and therefore the usable photon flux, by a factor of as
much as seven., The modified machine will be called Super Aladdin. In
this section we give an overall description of these machines and their
expected performances, More detailed descriptions of th:::z .machines and
their injector are given in the next section, :

With ‘Tantalus I, because of the high enerpgy "cut-oif", there ig
essentially no synehrotron radiation beyond 40 A (300 eV).. The proposed
machine, Aladdin, extends the source spectrum to 4 4 (3 keV), with much
greater Intensity in the soft x-ray range beyond 100 A {above 125 eV).
However, the high energy "cut-off" of the Aladdin synchrotron radiation
spectrum allows personnel close access to the ring, thus conventional
vuv/exr optical elements can be located within 1.5 m of a photon source.

In' order to provide maximum space for the photon extraction pipes,
Aladdin is designed with asymmetric lattice units. Each basic unit conslsts
of two quadrupoles, one ''C" iype bending magnet, and an empty space, in -
that order., Aladdin has twelve units., Approximately one-half of all
synchrotron radiation generated in the bending magnets can be made available
te experimenters.

Ihereased source brightness has been a continuing demand of our
synchrotron radiation users. Maximum source brighiness in storage rings
can be realized by high circulating beam current and by small source size.
The storage ring will be capable of 1 ampere average circulating beam

_current. By using moderately high quadrupole excitations, the beam

envelope can be minimized in the bending magnets and hence the source -
gizes can be kept very small. The size (4 ¢ ) of the photon gource in
Aladdin will be about 1.56 mm in the plane of the orbit and 0.22 mm in
the vertical plane. For Super Aladdin, the source size will be 0,68 mm
by . 068 mm. Since the unit cells are identical, every bending magnet of
Aladdin {and Super Aladdin) will have the same source characteristics. -

R i = R St
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Features normally expeeted of storage ring operation {exwlifmt

vacuum and source stability) will not be compromised in this ring. -
Source stability in position and intensity ls an especlally important
requirement of the experimenters, Proper magret construction gnd
alignment will guarantee that the equilibrium orbit is independent of
energy. Given this, source position is then locked to the crystal
controlled RF system with a stability better than one part in 106,
Long term energy stabllity depends on magunetic guide field regulation
and will be better than 0,01%. Shorttérm energy stability is 50 times .
better than this because of the guide [ield magnet inductances. - :

Injection into Aladdin will be essentially the same as In the present
operation of Tantalus I, though computer control will greatly facilitate
and improve the operation. The computer will act primarily as a monitor .
for all machine functions and as a Vink between the operators and the machine,
An equally important task of the computer will be that of retaining and
recalling on command tables of parameters for specific operating modes of
the storage ring. These may then be set, or altered, as the need may be
at the command of the operators. Under stored beam conditions the
computer will be in the monitor mode and will thus have uhused capacity .
which can be made available to the investigators for data storage and
manipulation and for program development. While the development of
computer aided data acquisition services does not form a part =
of this proposal, a discussion of a possible approach to this problem is
given in Appendix III, I addition, computer conirol of injection will allow
storing any number of bunches, from one up to the harmonic number of
the RF system. For Aladdin, this means up to 200 nsec between beam _
pulses, In the absence of bunch lengthening, "natural'’ bunch length of .
approximately 0.5 nsec (40 ) is expected. Detailed parameters for
Aladdih and Super Aladdin are presented in Tables I, II, and IIL \

Figure 1 shows the synchrotron radiation fluxes in a 0, 1% bandwidth
for Tantalus I, Aladdin, and Aladdin with a possible 5,0 T transverse
wiggler mounted in a long stralpght section. The order of magnitude
increase in cutoff energy between Aladdin and Tantalus Iis clearly shown
by the curves in this figure. With the 1 ampere electron beams expected
in Aladdin and tens of milliradians acceptable by some Instruments, about
four orders of magnitude increase in fluxes over these 1 mA and 1 mrad fluxes
will be available for some experiments,
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Table I, Synchrotron Radiation Parameters

Alsddin Super Aladdip

Energy . 750 MeV 750 MeV
Revolution Fregquency - 4,34 MHz 4.34 MHz
. Period 0.23 ypsec 0,23 . ksec
Bending Radius 2,08 sl 2.08 m
Critical Wavelength | 27.6 A (450 eV) 27.6 % (450-6V)
Source Sizes (40 )

Radial 1.56 mm 0.68 mm

Vertical 0.22 mm 0.068 mm

Bunch Lengths (40) 0.57 nsec 0.27 nsec
Emittances (10% coupling) :

Radial 0.33 7 mm mrad L0683 T mm mrad

Vartical 0.0038 7 mm mrad « 00063 T mm mrad
Quantum Lifetime ’ >24 hrs ‘ o > 24 hrs
Touschek Lifetime > & hrs : > &. hrs
Peak Circulating Current 1 A ' 1 A

87
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Table II, Aladdin

General Magnet
Energy 750 MeV : ‘ Betatron Tunes
Revolution Fregquency . 4,34 MHz Radial ~ 8,18
Critical Wavelength 27.6 & ' Vertical -~ 5,15 ‘
Damping Times Momentum Compaction 0,051 .
Radial 21.8 msec Basic Unit
Vertical 22.3 msec Focusing Order FDBO
Energy 11.8 msec Bending Magnet
RF System Radius 2,08 m
Harmonic 13 Field Index 0
Number of Cavities 1 Edge Angles 15°
Max, Volts Per Turn 280 kV @uadrupoles
RF Power to Beam (1 A) 13,4 kKW Max. Grad. 1.6 kG/cm
Vacuum System . Phase Advance
Construction Stainless Steel, Bakeable Radial 94, 5°
Pressure 109 to 10-10 Tory Vertical 124,59
Corrections Long Straight
Sextupoles and Higher Order ‘ Focusing Order . FDFOFDE
Multipole Magnets 24 Central Drift Space 4 m
hiection Quadrupoles -
Type - Multiturn using shorted transmission line ' Max. Crad. 1.6 kG/cm
inflector with two pulsed dipoles, . Phase Advance
Source - 100 MeV Racetrack Microtron with 5 cell . Radial _ 360°
accelerating & focusing structures, -7 Vertical | 180°

Two 180° bending & focusing end magnets.

6%
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Tables IV and V compare some of the relevant synchrotron radiation &
parmeters for the three storage rings Tantalus I, Aladdin, and Super Alaéém, -
In column 8 of Table V the total vertical angle {4 is given by Y2 =
¥2 + (3.2 0 ,1)% where ¥ is the synchrotron radiation vertical angle for 90%
of the beam. I column 13 of Table V the flux available to specified mono= - _
chromators ig tabulated on the basis of geometrical acceptance alone, A 100 mA
beam is assumed, and D {s the distance from the source point to the. valve, as _
defined in Table TV . Optical efficiencies of crystals, gratings or mirrors aré. -
not {ncluded, The values for 3 & through 10 A assume a crystal zsﬁonochi*omatof
with + 105 radian vertical angular acce;;tance and 2 x 10~4 radian horizont:
angular acceptance, A AE/E of 5 x 107® is agssumed. ForA = 30:and 100°

a representative grazing incidence memchmmatgr with AE/E =.001 is assumeci.

For A = 300 and 1000, a representative Seya-Namioka monochromator with .
AE/E = ,.001 is agsumed. Entries for the 10 to 3 R range given in this column
could be increased greatly through the use of cyhndrical crystal and mirror.
optical systems.




Table IV,

Comparison of Wavelength Independent Quantities

for Tantalug I, Aladdin, Aladdin with a 5T Wiggler,

Super Aladdin, and Tantalus 2.5 (16% coupling)

Tantalus 2.5

]

] - | Angle
! . | Source to Passed
g 40 Valve Through ]
N ? Beam Size § Digtance 1-1/4" L. D. é _
Source g E o A ac | {mm) oo 1 oo D j Valve at D ¢ First Mirror
P 1 . ' £ i
Machine | (GeV) (mj | Ay - B v (mrad) {mrad) (m) | (mxad) Type
% ; | |
Tantalus I 1 0.24 . 8356 | 57 ;2.5 | 0.23 44 | . 048 0.5 i fi4 , Glass
i . : i
| ; 5 :
Aladdin v =35.15)/0.75 2,08 | 2r.6  1.560.22 | .22 | ,017 0.75. 42 Glass
! i ? |
Aladdin with | ! o : A
5T Wiggler 0,75 0,50 6,63 3.43 | 0.2 f .18 : 013 8.00 4 Cooled Metal
! | : o : :
Super Aladdin 0.75 2.08 27.68 0.68 @ .068 - .21 g L 078 L5 42 Glass
. ‘ v
: | ‘ , :
2.5 6.95 2.49 1.0 T 0.27 .20 . 022 1.5 20 Cooled Metal |

L
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Takle V. Comparison of Wavelength Dependent Quantities for Tantalus I, Aladdin,
Super Aladdin, Aladdin with a 5T Wiggler, and Tantalus 2.5

1 2 3 4 5 6 7. 8 9 10 11 12 13 .
Flux .

90% 0% through Flux
Syne. Total 1174 Available

Flux in  |Second | Third Rad. | Verticall] Vertical |Polariz- [Praction LD, to the
1 mrad for} Order | Order |Vertical] Apgle | Emittance | ation of Beam Valve Specified
A hv Source AE/E = .001Content Content| Angle Vop for 4v,, |for 90% | for . at D Mono-

(4) eV} | Machine I=100 mA| (./2)/A (0/3)/ 3 mrad) | (mrad) |(mm mrad) |of Beam | P=90% | AE/E = .001 | chromator

0.3 41,3% | Tantalus 2,5 6,03 E09 {<,01 k.01 0,14 .16 » 043 .95 .g0 | 1.27 E11 1.1 EO7
Aladdin + Wiggler{ 8,67 E09 |< .01 I<,01 0,52 .53 . 108 » 95 1.60 3.47 E10 | 4,4 EOS
1.0 12, 4K | Tantalus 2.5 1.28 E12{ .10 . 011 0.25 v 28 . 070 « 88 « B4 2.59 E138 1.2 EO09
3.0 [4.13K | Aladdin (8. A.) 7.60 EO08 |< .01 K,01 0.43 44 1,097 (.08)| .96 1.00 3.19 E10 | 4.6 05
Aladdin + Wiggler| 4. 67 El11 .14 . 02 0.88 .89 .18 « 87 99 1.87 E12 1.3 EO8
Tantglus 2.5 4,48 E12 .06 . 28 0.42 .43 .12 .79 « 58 9.41 E13 2.6 ELY
10 1.24K | Aladdin (S, A, ) 2,92 E11 . .083 [x,01 0.78 .78 1,17  (.05) « B9 . B7 1.23 E13 8.9 EOY
Aladdin + Wiggler| 1,48 E12 | .65 | .38 1.52 1.52 .30 .76 .53 5.92 E12 | 2.2 E08
Tantalus 2,5 5.62 E12 | .98 | .85 0.67 .67 .18 .68 .41 1.18 E14 | 1.7 E09
Tantalus I 4,48 EO08 < ,01 <, 01 1.4 © 1.4 .32 .96 1.00 2,87 E10 5.6 EO8
30 413 Aladdin (S. A.) 1.27 E12 o 48 . 23 1.3 1.3 L2989 {09 . 80 .57 5.82 E13 4.5 E12
-Aladdin + Wiggler| 1.68 E12 .98 . 88 2.4 2.4 « 48 . 67 + 39 6,72 E12 e
Tantalus 2.5 4,84 E121{1.,15 |1.19 1.0 1.0 27 . 62 « 35 1.02 E14 1.9 E13
] Tantalus I 1.10 E11 L1606 12,01 2.5 2.5 .58 .90 .88 7.06 E12 2.6 EI11
| 100 124 Aladdin (S, A.) 1.6% E12| .92 | .78 2.2 2,2 .48 (.15} .69 .42 | - 7.10 E13 | 1.2 EI3
| Aladdin + Wiggler| 1,38 E12] 1.14 |1,20 3.7 3.7 .74 .61 .32 5.52 E12 | ——mmmem
Tantalus 2.5 3,58 E121 1.21 ]1.35 1.5 1.5 .41 .58 « 29 7.51 E13 3.1 E13
- Tantalus I 4.21 E11! .54 | .26 4.2 | 4.2 .87, .81 .62 2.70 E13 | 4.6 E12
300 41,3 Aladdin (8. A.) 1,48 E12) 1.11 ]1.07 3.2 3.2 .70 (. 22) .82 35 6.23 E13 3.2 E13
' Aladdin + Wiggler| 1.04 E12 | 1.22 |1,35 5.4 5.4 1.08 .53 28 4,16 E12 | w——mrmo
Tantalus 2.5 2.58 E12| 1,23 {1.40 2.2 2.2 .59 .56 .28 5.42 E13 | 6.2 E13
Tantalus I 5.41 E11 .94 o 51 6.8 6.8 L6 - .78 S .42 ~3.48 E13 5,9 EI12
1000 |12.4 | Aladdin (S.A.) 1,11 E12 | 1,20 |1.33 5.0 5,00 11,1 (.34)] .58 . .30 4,64 E13 | 2.4 E13
- Aladdin + Wiggler| 7.22 E11] 1,22 - {1.37 8.0 | 80 | L6 | ,56 | 7 .28 | 2.89 E12 | ~femmem-
- Tantalus 2,5 1,76 E12] 1.27 |1.44 3.4 3.4 .92 .55 .25 1 - 3.70 E18 | 4.3 E18

tems 1u'parehﬁ}e8ﬂ'$ in Columns 3 zmd 9 refer éa’&lpef Aladdin,

&8




B. Detailed Description of the Aladdin/Super Aladdin System

The lattice structure of Aladdin conslsts of twelve unit cells and
two long straight sections, Yach unit cell is comprised of a multi-pole -
correction magnet, a radially focusing quadrupole, a vertically focusing -
gquadrupole, a second multipole correction magnet and a bending magnet,
in that order, The unit cell geometry is asymmetric, i.e. the focusing
elements are not centered between bending maguaets, in order to maximize -
access to the vacuum chamber in the bending magnets for the ingtallation
of light porte, A layout of the Aladdin unit cell iz shown in Flg. 2.

The design and construction of the qua.drupeies and beniimg magnets
which are utilized in the Aladdin Iattice is essentially the same as was
employed in Tantalus Ibut with some modifications that have been developed
ag a result of experience gained during the eight years that this machine
has been operating. As with Tantalus I, the magnets aned qaadrupoles will-be
laminated, a construction practice that has been adopteti in all recent eiectron .
storage ring designs. However, edge corrections in the bendi’ag magnets to
maintain constant magnetic length, and therefore orbit position, over the
full range of magnet excitation which were not ineluded in the Tantalas 1
magnets will be employed on the Aladdin magnets,

The unit cell design chosen for Aladdin has the property that the
electron beam cross gectional dimensions are at near minima in the bending
magnet, This is indicated by the plots of £ and n functions which are shown
in Fig. 3. Since the twelve unit cells are identical, every photon source will:
have the same optical properties. Thus optical systems matched to one port
may be moved to another without loss of performance, Experience gained
in supporting the research program at Tantalus I for the past eight years
has convinced us of the value of this machine property in reacting with
minimal lost time to the demands imposed by the rapidly developing
application of synchrotron radiation.

As is to be expected, the electron beam envelope functions change
in the long straight sections. However, as is shown in Fig. 4, the major
change Is Inthe B, (horizontal) function, thus the increase in beam eross
section in the long straight sections will have minimal effect on the oatput
flux of a monochromator utilizing the synchrotron radiation from a transverse
wiggler mounted in a long straight section. The B and n functions as shown
indicate that the electron trajectories will be nearly parailel in the long '
staight sections as is required to obtain the highest degree of monochromaticity
from a helical wiggler. I necessary, the excitation of the long straight section
quadrupoles can be altered to produce very small values of B thus creating a
. Mow B insertion' for the installation of a very high brightness transverse
wipgler. In this mode of operation the beam crossg sectional area in the long
straight sections would be reduced by a factor of about 5 over that in the
bending magnets,
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- An overall plan view of Aladdin is shown in Pig. 5. The injector -
machine will be mounted inside of the storage ring so that valuable _
experimental area outside of the ring will not be taken up by electron heam
transfer systems, iniector machine, radiation shielding, and ancillaries,
However, storage ring power supplies, coolant circulating pumps and
similarly acoustically nolsy items will not be mounted in this area.. While
mounting as much of such equipment as possible within the ring is attr'aétive
from the economlics of the construction of the ring, the creation of a low
nolse environment for the investigators is, in our judgment, far more- 1m§ertant

The Aladdin vacuam system design and construction is based on the
vacuum sysiem developed for and now installed in Tantalus I - Thig system
is constructed of stainless steel and employs internal sputter fon pumps
mounied in the bending magnet fringe field region. Currently, operating
pressures in this system in the low 1010 Torr range with 0, 15 amps :
circulating are standard, thus we have considerable confidence in the des;g;ﬂ,
The vacuum chamber will be of rectangular cross section in the bencimg .
magnets to accommodate the spufter ion pumps and circular in eross section B
in the short straight sections between normal cells. T the long straight -
sections, the cross section will also be circular but of increased diameter -
to accommodate the injection and fast beam dump extraction equipment to
be installed there, Transitions between sections will be carefully designed
so a8 to minimize the build-up of standing waves generated in the vacuum
chamber by the intense electron heams. Mounted in every short straight
section will be position sensitive electrodes and feedback electrodes for
monitoring the operation of the storage ring and controlling coherent
instabilities, .

For the radio frequency accelerating system, an operating frequency
of approximately 50 Milz has heen chosen as a best compromise in that it
makes possible a reasonably high shunt impedance accelerating cavity with
a large degree of freedom from the high order deflecting modes that have
been responsible for increased beam cross sections in other storage rings.
This choice of frequency algo allows us to use the very well developed
gridded power fube available now rather than the still somewhat experimental
klystrons that would be necessary for frequencies in the 200 fo 500 MHz range.
The required energy gain per turn in Aladdin operating at 750 MeV ig 12.5 keV,
With one ampere circulating, the radio frequency system must supply 12.5 kW -
to the electron heam plus power to make up for cavity logses, Operating with
an overvoltage factor of ten for an acceptable Touschek lifetime, the total
radio frequency demand will be less than 35 kW at maximum beam current.
The cavity will be constructed of copper clad steel and will be evacuated.
Provisions for servo tuning the cavity to compensate for beam induced currents
will be included., Design details of the accelerating cavity are shown in #ig. 6 .
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The injector accelerator for Aladdin will be a 100 MeV race track
mierotron, This machine is a development of the 44 MeV microtron
designed and built by the Synchrotron Radlation Center operations group.
and which is now in service as the injector for Tantalus I. This miérotron. -
has the distinction of not only being the highest energy machine of this type
ever t0 be built but also of being the first microtron designed and built iIn -
the United States that operated successfully., The 100 MeV microtron differs '
from the 44 MeV machine in that it is of the split sector design to allow the ~
uge of a multi-cell accelerating structure, As a consequence, the 100 MeV
microtron operates at a much higher energy gain per turn than the 44 MeV
microtron, and therefore requires only twenty orbits to achleve the design - .
energy. This is to be compared with the thirty-four orbits required.in the
44 MeV machine. Nevertheless, the principles of operation of the two
machines are identical, thus even though the 100 MeV microtron will
represent quite a step forward in the technology of small accelerators,
there is little question of its successful operation., A list of principle
deslgn parameters of the 100 MeV microtron is given in Table VL
Fips. 7 through 10 a plan view and drawings describing the major
components of the machine appear,

Table VL 100 MeV Microtron Parameters

Type . Split sector
Number of orbits 20
Magnetic field C~LOT
Aceelerating radio frequency 3.0 MHz
Radio frequency power 6 MW
. Radlo frequency source Magnetron type VMSEHA
Accelerating structure - 5 Cell standing wave 7 mode slot t‘saﬂpieé
Energy gain per orbit 5.0 MeV
Beam current {pulse) ' 30 mA
Beam pulse length - 2.5 sec
Principal operating parameters:
v ~ 1
S 10

Upon extraction from the microtron, the electrons will pass through
a beam transport system twelve meters long to the Aladdin injection plane.
The beam transport system is shown in plan view in Fig. 5 and schematically
with beam envelopes in Fig. 11. The first two bending magnets perform an
achromatic bend and in conjunetion with the first qudrupole doublet produce a
double focus with zero energy dispersion at the beam aperture stop plane,
The chopper will deflect the beam into the beam stop aperturs in synchronlam -
with the Aladdin radio frequency system. Thus, the only electrons to arrive
at the injection plane will be those in the proper phase for radio frequency
capture. This technique will not only reduce the energy disposition in Aladdin
and, more importantly, the uncontrolled stray radiation during injection, but




s

E\E\E

A

A BASN T

L N R
M secTion AA
= ; —
bR R : e -
t : . — - " Y I
} N . \ \ :
B’ 1 R ) ) ~

|
I i
i A _ _ HE |A |
!
bR Ho |

N/ 5, Ay
| N I N I
1 i i
| | S
bR N
| \ N |
i . :
I \
| SN
I N / N .
I N N ’ i |
i ]

i o E }
I 1 ) \ |
! l
L q N N
1 :j ( \ 1

o &d

@—lON PUMP DETAIL
(2} EXTRACTION PIPE
G ORBIT %20 (EXTRACTION)

(@-oniT* (2

(2 BENDING MAGNET RETURN YOKE

E&rcoiL .

(IF VACUUNM CHAMBER
ACTIVE FIELD CLAMP

N
.\:‘\‘(D\C;@ ;\E@ %
©

@) WAVE GUIDE

2F WINDOW

(1> ACCELERATING &TRUCTURE
(@- INJECTOR ANOCE |
(3 INJECTON CATHODE

@ ORBIT #72

MICQOT[ZOI\J PLAN \/IEW

Figurs 7

(@~ INVECTION RETURN PATH '

or



i3

section BB

oo
L
E

- BE RN
| R = \\\'{57 NK' 1
-\ R RN
. ™, . i
F. RS
% "\ l . i\'
V} \} .'"“t\-
RN
ot L
o N v . i
N "4
. '%s.‘- N l.
i 1
1 3
H

%

i

s
o
g

N

b
-~
O N
- w o
x"“ .t "\ Y

i

rd
e
L
e iy
v S
ra

[—— ...:@"...'--.( -
A
L

SN\

{

@)>FIELD CLAMP Cotl

(3r BENDING MAGNET RETURN YOKE
(@ VACUUM CHAMEEZ WALL.

B Tor INNER POLE

*
|
=
?
-
- (D BOTTOM [NNER POLE
]
X @ ACTIVE FIELD Ci.AMP
&

; BENDING MAGNET CROSS SECTION

. : FPipuve o

I




'

i 4 poniT

ICINCULATON
4{ LOAD

TUNING
, SEnVO —wumeww7
i
i
H

PULSE - e 2, F.
et EOTMING F 5%;%“ = _?;}::'; MAGNETRON [~ - J f], PRESSLINE
NETHWORY ' CORMER VS 14 j/ —’“1 j WihDOW
O N N — i SEPRS——— i : ;
: 2 v \\ SUAL
BLIDING S=OAT CHABLTIONAL
f ; N CouBLEDR
{ DRIVEL
: . FORWAILD POWER
R YOLTAGE BEQVS CONTROLI
fOoNTILOL SBEEVE . ) x e

COMPUTETR
COMNABMND

MIEROTREN B.C. 8Y5TEM

Figure 9 -

ACCELERATING
CAVITY

iy




INJECTION ORBIT RETUIN PATH

INTERCELL COUPRLING SLoT

FOCLISSING CON.

‘, .
SHELTION O - A

INJECTOR
CATHODE

o INJECTOR
' AMODE

5 CELL T~ MODE ACCELEZATING STRUCTURE & INJECTOR

o - Figure 10

. 8F



(HALE)BEAM ENVELOPES IN THE TRANBVENSE DLANE
’ (TERD ENERGY [(MAPERSION Case’)

L=l o e A - - - o
(X s HORIZONTAL:- Lol T
Ealay) & = 3\‘ T __.‘: T ":_:,'5
— '.:E“.o_.
y P +5
) - NERTILAL T
o ¢ r e v ey < e i |
RACETRACK DOUBLE Focls/ SECOND INJECTION
SA LI TILON BE AN APEITURE DOUBLE COZ0% PLANE INTD
EXT fL.ANF:Z ETOR | PLANE BlLANE Al ADDIN
. | : i
]
{ DC BENDING GUAD i j !
! f AA G INE TS DousLET |  QUAD DOUBLETS QUAD Do BENDING CPULSED
i | by SUN 44 B4 e e, CoUBLET MAGNET . iNELECTon
i ; I i e B AR n miak —1 N "
\ i E__J [ 1L SO I A o SR L3 il |
I Ry CORER i S e S LA, TG 4.2 ki
: (DD ko | (4} &l wajfem | G ferm B I : L

LT

3

IODMeY RACETRACK MICROTRON,/ AL ADDIN YQAM%S.OQT bl NE
{BCHEMATIC AGRAM witu ELEMENT SPE4%)

DISTANCE ALONG TRANSPOAT LINE (m)

. Fieure 11

ar.



i

g—

Les

47,

-

will also permit the control of the number and clrcumflerential distribution
of bunches filled. The second pair of quadrupole doublets produce a
de~magnified image of the source which s in turn transformed in betatron
phase space by the remaining beam transport system elements so ag to
match the admitiance ellipse of Aladdin at the injection plane.

Injection of the electrons into Aladdin will follow conventional - =
multi-turn techniques. The scheme is illustrated schematically in Fig. 12
which gives a phase space representation of the Aladdin Injection plane on-
which are shown the Aladdin admittance area, the microtron emittance area,
and the boundaries imposed by the injection septum and the vacuum chamber,
At injection time the Aladdin admittance area is deflected by the upstréam
kicker go that a portion of it overlaps the area behind the septum, This
deflection 15 correeted for by the downstream kicker, thus, electrons
injected into the overlap area follow the normal orbit around the machine -
until they reach the upstream kicker whence they again follow the deflected
orbit. During the time required for one orbit (0. 23 1 sec) the excltation of
the two kickers is reduced sufficiently so that the electrons will now pass
on the right side of the septum and will remain in the machine. Now, more.
electrons will be injected into the remaining overlap area, and, in fact, the
process will continue for the time required for five orbits hefore the overlap
area becomes zero with all the electrons injected executing stable hetatron
pscillations within the admittance area which will now be centered about the
position of the central (undeflected) orbit, With the 30 mA pulsed beam
current expected from the microtron and taking account for the approximately -
66% loss due to the chopper, the current accumulated in each injection everit
will be about 50 maA. I the storage ring the electron transverse momenta
damp so as to occupy a very small region af the center of the admittance
ellipse within a few seconds of injection and then the process may be carried
out again, This injection scheme, which is called stacking, is now used '
with congiderable success o inject into Tantalus I. Prototypes of the
Aladdin injection elements (Iinflector and kickers) have been in operation
for the past four years on Tantalus L

Computer monitoring and control of accelerators is now a highly
developed technology and the high level of performance and reliability
required of Aladdin makes it imperative that this technology be exploited,
Fortunately, the continued rapid development of microprocessors and
standard 1I/O modules, such as CAMAC, has made it possible to set up a
special purpose computer network, such as will be required to monitor
and control the many subsystems of Aladdin, at considerably less cost
than previously., The philosophy we have chosen to follow in instituting
computer control of Aladdin is as follows., The main control computer of
the system would be a fairly large minicomputer such as the Interdata 7/32
which, if more capacity is required, can be upgraded to the Model 8/32
with "plug in' modifications, but without any change in codes, This
computer would act as an executive presiding over an array of micro- -
processors, one or more at each subsystem of the ring. The microprocessors
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would communicate {o the subsystems through standard I/C systems such

as CAMAC, In operation, the microprocessors would be responsible for -
the direct control of the subsystems according to programs fed to them by
ihe executive computer. One of the most important functions of the micro-
processors, particularly during the running-in period, will be that of
monitoring the performance of the subsystems with as high an update rate”
as possible. To have an "instant playback" of systems parameters to =~~~
dingnose Intermittent abnormal operation or sysﬁems fa,;}ure should be

invalushle in debugging the storage ring.

Asg the radiation facility develops, other tasks that the computer |
network will be expected to take on are monitoring the status of the photen
beam lines and the responsibility for fast dump of the stored beam in the
event of subsystems failure. ' V

Daring stored beam time and machine downtime when the demands
on the executive computer are minimal, it will be made available to the

users for program development, simple data reduction i;asks and mass data
storage and transfer,

By installing one additional quadrupole in each unit cell as shown
in Fig. 13, Aladdin will become Super Aladdin, No other changes in the
hasic machine structure are necessary, The result of this modification
will be an increase in source brightness in the bending magnets by a factor
of seven, For many experiments thig will be equivalent to increasing the
circulating beam current by a factor of seven buf without the increased -
radiation hazard such an increase in beam current would pecasion.. The
reasons for this remarkable result may be seen from the plois of the R
and n functions shown in Fig., 14. From these it ¢an be seen that adding

the extra quadrupoles has the effect of converting each unit cell into a

low 8 insertion with the minimum beam cross section ocourring at the
photon source points in the bendmg magnets, From Fig. 15, however,

it can be seen that the behavior of the beam in the long straight sections
is gasentially unaffected, thus the possibility of installing helieal wigglers
will not be compromised by upgrading Aladdin to Super Aladdin.
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C.  Specal Options

Tncluded in the basic design of the storage ring 18 sufficient space
for special devices, should they prove to be desirable, Of the two long
straight sections in Aladdin, one will be completely utilized by ring
operation. The other has 4 meters of unobstructed space and a trans-
verse wiggler could be installed in it. A transverse wiggleris a geries
of three dipole magnets arranged to glve no net deflection to the electron -
orbit, yet one of the magnets can have a very high field, say 50 kG, At
750 MeV. Thig high fleld magnet would yield a hard x~ray spectrum -
with A, = 6.6 E {1.87 keV). The brightness of this wiggler source. can.

be 1m;3roved: With proper rearrangement of the quadrupoles in a long

straight section, it is possible to reduce the source size at the dipole
wiggler and make the source at least 5 times brighter than the bending
magnet sources of Aladdin, This appllcatigi),?of the so—called ”10w‘ 3
insert™ was first proposed by the SRC staﬁ’ !

Another device that could be inserted in Aladdin !s the helical-
wiggler, a double-wound helical coil that produces a magnetic field
that (1) is perpendicular to the coil axis and (2) rotates in space with
the pitch of the coil, While no net deflection of the electron orbit
oceurs, the relativistic electrons see the helical wiggler as a
circularly polarized plane wave and radiate in a narrow band of wave-
lengths centered at A= A {1+ K)e/ 2 where A 0 is the helix’
pitch, X 1is proportional to the helix magnetic fieid and v is the
electron energy in units of electron rest mass. The wiggler source Is
tunable hy varying either the electron energy or the cofl field, can yield
100 times more intensity than a regular storage ring gource, and does 80
in a relatively narrow bandwidth around Ay .

A helical wiggler with a small pitch A | and therefore small bore
cotld not be directly installed on Aladdin because of the relatively large
cross section of the beam from the 100 MeV microtron at injection,
However, Tantalus I will be available as a damping 240 MeV booster ring
for Aladdin should the declsion to install such a helical wiggler in this
machine be made., The small damped beam of Tantalus I could be easily
injected into Aladdin, even with a helical wiggler in the long straight

section. For a helical wiggler with A ;=1 cm on Aladdin, Ay » 23,2 A (534 eV}.

The effects of both of these special inseriions on the operation of the
storage ring have been studied in some detail by the design group. These
studies indicate that,while both types of wigglers can be accommodated by

L

the storage ring with little or no degradation of its function as a storage ring,

the Ingtallation of these devices will have effects on the storage ring as a
synchrotron radiation source. These effects were considered at considerable
length during the 1976 Quebec Summer Workshop on Synchrotron Radjation
Facilities and the results of these considerations are reported in the proceedings
of this meetizzglg. The summary of these results is that the helical wiggler will

F]
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cause a reduction of brightness at the normasal bending magnet source painis .
because of the unavoidable enlargement of the electron beam vertical ‘
dimension and that energizing a transverse wiggler will result in some
transverse motion of the normal source points. To an extent this latter )
effect can be controlled through the use of steering corrections, h,owever' :

it cannct be made to vanish for all possible ring and wiggler operating ’
conditions. Thuas the decigion {0 implement such devices on a synchrctrén
radiation source serving a large and varied research program is net, to be -
nlade lightly, - :

It is important to note that each of the long straight sections, whether
in Aladdin or Super Aladdin, has ample space for the necessary orbit ccrrec%;iﬁg )
slements, With proper design, any wiggler can be made to have mlmmai 1mpa€:t
on the regular experimental program. - :
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D. ° Beam ldnes and Instrumentation

With the exception of experiments mounted on a possible high fleld
wiggler magnet beam, all of the experiments done on Aladdin will be done.
in the vuv and soft x-ray regions {(where soft x-rays are defined ag hv
<3 keV) primarily with instruments using diffraction gratings for dispersion,
although Improved crystals for the 4 to 20 R region may make crystal -
dispersion more desirable in the future for-high resolution experiments. -

Aladdin has 12 bending magnets and two long straight sections. . Two
ports can be attached to the vacuum chamber in each of the bending magnet

‘regions to provide one beam of 42 horizontal milliradians and another beam -

of 120 horizontal milliradians. One of the long straight sections is ocoupied.
by injection and extraction hardware, but the other one is intended for the
1fstallation of wigglers., The 24 bending magnet ports can provide a total
of 1.9 radians of beam, so about 30% of the synchrotron radlaémn generated ‘
will be available for use, . , < .

One of the very important Aladdin design features 1s the small radius -
of curvature which permits placement of mirror optics close to the source
point but outside of the storage ring vacaum chamber. Even though material
‘damage is not expected to be a problem with optics on Alade},i’n, carbon -
deposits on mirror surfaces are expected even in uhv beam lines, and
periodic cleaning and recoating of optical elements will be necessary, To.
have to open up the ring chamber to do this imposes many difficulties with
scheduling and with the integrity of the ring vacuum. Therefore, mirrors
will be on kinematic mounts in mirror box - vacuum pumping stations which =
can be valved off from the rest of the beam line and the storage ring., Removal,
cleaning, recoating (if necessary), and replacement of mirrors will be szmple
operations compared with similar procedures with cooled metal mirrors,
Another advantage of the short radius of curvature of Aladdin is that beam
lines similar to those used at Tantalus I can be installed on Aladdin with any
necessary shielding between the storage ring and the mirror chambers. This
means the mirrors are accessible for manual adjustment or maintenance
with beam stored in the ring; also, componeints and even entire beam lines
including monochromators and sample chambers can be set up on Tantalus I -
for testing so that lead time for Aladdin as an operating facility can be reduced,-
Tantalus I will be useful as a test facility down to about 40 R {~ 300 eV) so
most grating instruments could be tested quite well, This capability of testing
on Tantalus I also implies that instruments now in wuse on Tantalus I could be -
installed on Aladdin and also that instruments built for use on Aladdin could
be used on Tantalus I until Aladdin is commissioned. Exploitation of both of
these possibilities will accelerate the early operating phase of Aladdin at
which about 14 monochromatic experiment stations will be operative, '

The general concept of Aladdin beams will be similar to the ones
used on Tantalus Ifrom which a great deal of experience has been gained.
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‘The 42 mrad lines will have a scatter-free, recessed portion of vacuum.
chamber and a viewport directly behind the source point. This will not only
permit laser alignment schemes to be used but will also prevent high energy
electrons, y ~rays and neutrons from being secattered directly down the beam -
line. Connections to the beam line ports will be with copper gasketed seals
of the highest integrity. The first valves will be metal sealed gate or
straight-through valves and they will be followed by fast acting valves for =
protection of the ring vacuum against accidents. Beam occulting shutters ’
will be used to prevent illumination of optical surfaces except during actual-
use. This will reduce surface contamination as well as eliminate the need
to close the metal sealed valves frequently and thereby prolong the seal life,

Mirrors similar in desigh to those now used at the Synchrotron
Radiation Center will be quite suitable for use with Aladdin, We have
congiderable experience with the design, fabrication and utilization of ,
grazing incidence, first-surface mirrors for vuv and soft x~ray applicatiﬁnsf;

o Grating monochromators in both the normal incidence (NI) region :
(300 A to 3,000 X) and the grazing Incidence (GI) region {< 4(}9,2} have been
used extensively at the Synchreiron Radiation Center. The design and '
construction of several of these at the Synchrotron Radlation Center-
Physical Sciences Laboratory has led to a high level of experiise in this
field. The vertical Seya-Namicka, and the "Grasshopper" grazing incidence
monochromators designed and built at the Synchrotron Radiation Center-
Physical Sciences Laboratory, and the large 4-meter normal incidence .
monochromator, planned for installation at the Synchrotron Radiation Center,
will form the basis of general purpose monochromators unless new grating
developments such as the J.Y, toroidal holographic grating indicate that
other instruments could be matched more efficiently to the source. . It is
expected that high resolution grating monochromators for the 4 Rio 100 A
region will have to be specialized short scanning range instruments.

For the initial phase of operation of Aladdin, we plan {o provide mono-
chromatized beams 10 14 experimental stations utilizing instruments now
ingtalled al Tantalus I and instruments that will be acquired under the present
SRC operations grants during the Aladdin construction period. A listing of
these instruments is given in Table VI. A discussion of future instrumentation
is given in Appendix IV. ) '
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(2}
(3}
(4)
(5)
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Table VI, Monochromalors to be available
at the SRC by 1/1/79

Type

1 Meter Vert s-N(1)

1 Meter Vert 5-N
1 Meter Vert N
1 Meter Vert 5-N
1,5 Meter s-N(5)

(.5 Meter 5N

1 Meter NI(Z)

1 Meter NI

1 Meter NI

4 Meter Vert NI

2 Meter Vert G2IM(S)
2 Meter Vert GAIM
2 Meter Vert GIM{%)
2 Meter Vert GIM

2 Meter GIM -

1 Meter S-N

+

Seya-Namioka
Normal Incidence
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Remarks Ownership ~ Status
High Vacuum . 8RC Operational
nt, ‘Vacuum 8RC Qperational - -
Int, Vacuum Taylor UW-M Operational . -
High Vacuum 8RO - - Planned
High Vacuum- SRC

Low Resolution
McPherson 235
High Vacuum
McPherson 225
McPherson 225
High Resolution
High Vacuum
High Vacuum
Hilger Watts
Int. Resolution

Hybrid Mono,

G2IM: "Grasg shopper' Grazing Incidence

GIM; -
Horizontal dispersion instrument.

Grazing Incidence

SRC -
Lynch ISU -
Hurych NIU
SRC

- BRC
- SRG

Brown UT
Judge USC -

Eastman IBM

denoted by inclusion of the term Vert in the type description,

Fritzache UC -

| Sﬁnstrﬁ‘ctiﬁ}ﬁ '

T@peraizi;}nﬁ

Operational
Operational
Operational - -
In Construction
In Construction
Plamed -
Operational
QOperational

Operational - -

Vertical dispersion instiuments are
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E.  The Expanded SRC Building S e
A building suitable for a synehrotron radiation facility is essentially LN f
an extremely large optical table, suitably air-conditioned and temperature- T ""
controlled, and with provision for the necessary radiation shielding, - R

In order to achieve high brightness, a storage ring for the production R
of synchrotron radiation is designed for minimum beam crosgs section, e
this design goal is to be achieved, magnret alignment errors (which cause Lo
coupling of the radial and vertical particle motions) must be minimized. ) S
¥ the facility is to operate for an extended period of time with no change in e
source characteristice, the mechanical alignment of the storage ring must T
be maintained within narrow tolerances. The required stability extends

to the heam lines and experimental areas. A source spproximately 150 o _f";' »
microns high must be imaged {o an entrance aperture of this dimensinn or R
less at a distance of many meters, I beam motion at thé experiment is . - - Lo,

not to be a lmiting source of error, the relative posmcns must be maintamec%
within & few microns., .

The site at Wisconsin is geologically very favorable., Nearly flat
bedrock lies 6 to 10 feet below the surface and will serve as an exiremely
stable base for the machines and the experimental areas, Indeed, the _ L
location of the laboratory was originally chosen because of its sulf:ablltt} as E ‘
an accelerator site, ' '

Once the floor siability requirements are met, other reguirements
are met by normal laboratory construction., With careful mechanical
design of the storage ring, beam lines and monochromators, experience -
with Tantalus Thas shown that the necessary thermal stability is within
the range of conventional heating and air-couditioning control systems.
The building air-conditioning system will maintain low humidity because
of the adverse effect of water vapor on ultrahigh vacuum systems, storage
ring and instrumentation,

The radiation shielding requirements are vastly different during .~ -
injection and stored beam operation. In order to provide optimum access e
to the synchrotron radiation, shielding immediately around the storage R
ring will be adequate only for the stored beam conditicn. In order to
cope with the higher levels of radiation during injection, the storage ring - b
and experimental areas will be evacuated during injection. The location of ;
the storage rings below ground will provide the necessary exterior shielriing
at low cost.

It is impossible to completely predict the future location of experiments .
with respect to the storage ring. T order to minimize potential future :
conflicts in positioning beam lines, floor obstructions such as cable trays and
junction boxes will be kept to 2 minimum and carefully located, Utilities
{ac power, low volume cooling water, dry No gas and compressed air) for -
the experimental area will be brought out 2long beam lines from distribution
manifolds at the base of the storage ring.




The building for the intermediate energy storage ring Aladdin,
which is shown in Fig. 18, will be constructed with funds to be made
available by the Graduate School of the University of Wisconsin-Madis on.

It will be a single-story steel framed, insulated, metal building (160 feet -
by 136 feet) with below grade walls of poured eoncrete, The storage ring
and experimental area will be 160 feet by 95 feet with a 20 feet celling -
height. The building will permit beam lines of at least 30 feet from all - -
magnets, with the option of extending some beam lines, including those
from the straight sections, to as much as 70 feet. The microtron, with . =
local shielding, will be located in the center of the ring to avoid interference

" with the beam linés. Space around the perimeter of the building will be- V
used for individual experiment work areas. The remaining 160 feet by
41 fest area on the basement level will be separated by a concrete shielding
wall, and will be available for loading, experimental set up, power room, .
and experiment storage, An above grade level over this area, also behind
the shielding wall, will house the control room, conference room and
offices for the operations group and the investigators.

Light ‘duty cranes will be used in the experimeni’fa}., area of the building)'
to handle experimental equipment, The installation and removal (if necessary)
of magnets will be done with special purpose rigging. :
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F. Radiation Safety

In discussing questions of radiation safety around electron sior&g‘e rings

operated as synchrotron radiation sources, one must keep in mind a fundamental L

operational difference between electron storage rings and electron synchrotrons.
In an electron synchrotron particles are injected, accelerated, and brought on S
target up to 60 fimes per second. Therefore, the radiation generated by

synchrotrons tends to be high, in fact as high as pessible. "Conversely, io a -

. properly constructed electron storage ring, charged particles in the-amount

corresponding to that In a single accelerated pulse in a synchrotron are stored -
for many hours, thus the generated radiation levels around eleciron storage -
rings are typically 4 to § orders of magnitude lower than are commonly
encountered about electron synchrotrons of the same energy. ¥From the very '
heginning, then, the problem presented to the radiation safety engineer by a
gtorage ring is materially reduced. In{fact, the only time that radiation

safety is a problem arbund a properly operating electron storage ring is

during injection when, unavmdably, a considerable amount of stray radiatign g
1z produced by lost particles. .

In normal operation under stored beam conditions, the only radiation
emanating from an electron storage ring results from the slow loss of particles
from the stored beam due to collisions with residual ges molecules and to-
Touschek effect, The lost electrons resulting from these processes may be
rendered essentially harmless by the use of in-vacuum tank beam serapers
that direct the resulting radiation into a safe beam dump. Under abnormal
conditions, that is to say when through some malfunction the electron beam.
is lost abruptly, reliable, well-proven techniques may be used to remove the
entire gtored beam within a very few revolutions and deposit it in a safe beam
dump. Thus the shielding requirements around an operating electron storage
ring may be termed minimal. Indeed, experience gained with the operation

of Tantalus I, the machine at the Wisconsin radiation center, over the last

eight years has shown that no user has received a measurable dose even
though the investigators work in close proximity to the machine with no
intervening shielding. I is expected that Aladdin, a machine of approximately
the same class as Tantalus I, would be similarly safe to work around.

To minimize danger from radiation generated during the injection
process, the machine will be mounted below grade level. Mounted this way,
Aladdin, because its injection energy is relatively low, can be covered by a
conventionally constructed roof. Tests conducted at the Synchrotron Radiation
Center on Tantalus I during injection have shown that the sky"shine_ generated
is within acceptable limits, BSince the injection energies of both Aladdin and
Tantalus I are comparable, it is expected that ‘Aladdin will represent a
similarly small radiation hazard during injection, - During injection, of course,

all persomnel will vacate the vieinity of the machines.




52

" Finally, one other aspect ol radiativn safety needs comment here.
This is the possibility of cleclrons circulating in the machine targeting on
portions of the vacuum chamber so that high energy secondary radiation may
come directly down the photon beam lines. This possibility, while remote,
may be dealt with through proper construction of the vacuum chamber.
Obstructions will be placed in.the vacuum chambers so that electrons on

such distorted orbits will produce their secondaries in directions which will
not go down the photon beam lines, ' ’
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G.  The University of Wisconsin-Madison as a Site

The suitability of the University of Wisconma as the site of a greatly
expanded national facility for synchrotron radiation research can he easily
established. Firstly, the University 1s itself the site of both an extremely -
large and active group of investigators working in the chemical and biclogieal
sciences and a growing, active group working in materials research, These™ .
groups are a potential large source of investigators to make use of the vacuum
ultraviolet capabilities of the expanded facillty. The Chicago area, which-is
within easy driving distance of the University of Wisconsin, boasts of the’

University of Chicago and the Argonne National Laboratory, both large snu;‘eea?; V

of potential users for the vacuum ultraviolet and soft x<ray ranges. In both
institutions work is being carried out in chemistry, biology and the material
sciences for which access to such a facility could be crucial. The Ames '
Laboratory, while not as close to the University of Wisconsin as the institutions
in the Chicago area, 1s nevertheless another source of users with similar
interests, In particular in the materials research area. (loser than the.
Ames Laboratory is the Materials Research Laboratory at the University of
Ilinole, generally considered to be the finest materials researeh laboratory in .
the United States. Serious interest has already been expressed on the part of
the Illinois Materials Research Laboratory in access to a synchrotron radiation
source of the capabilities being proposed by the University of Wisconsin. .
Finally, it should be pointed out that it has been quite conclusively demonstrated
that investigators working in the vacuum ultraviolet from the entire United States
have been perfecily willing over the past several years to come to Wi%&nsin to
purgue their researches, ,
" Another and more important reason for the suitability of _thé University
of Wisconsin as a site for a national synchrotron radiation facility is the
existence of an established, operatinp, productive national synchrotron
radiation research ¢enter there. Associated with, and responsible for, the
operation of this center is a group of accelerator builders Including physiclsts,
engineers, and technicians of demonstrated capability in the design and
construetion of electron accelerators. Further, thig group has been responsible
for the development and operation of the existing facility , a facility which has
achisved world-wide recognition for both the excellence of the research carried
out there and the smoothness of its operation.

Finally, the University of Wisconsin has demonstrated over the past
eight years its willingness to support the existing facility in deeds rather than -
words. That the University of Wisconsin will support this proposed program
to greatly increase the capabilities of the Synchrotron Radiation Center in the
gsame manner ig demonstrated by its commitment to make land for this expansion
avatlable, to eonstruet the building necessary for the intermediate energy
machine Aladdin, and its willingness to make the considerable capabilities of _
the Physical Sciences Laboratory available for the construction of these machines
and the support of the operation of the expanded facility when it becomes operational.




The Physical Sclences Laboratory, which now employs soine 40 scientists,
engineers, technicians, and administrative persomnel, has amply demonstrated its _
capabilities to support the present synchrotron radiation facility at the University
of Wiscousin, T addition, it has supported the programs of the high energy physics
group of the University of Wisconsin working at the Fermi Lab and the SPEAR '

colliding beam facility in the construction of very large and sophisticated
experimental gear, Thus the design, construction, and operation of the
proposed machines are well within the capabilities of the Physical Sciences
Laboratory and the staff of the Synchrotron Radiation Center. L

Madison, the home of the University of Wisconsin, is easily’ éc_ces‘_siblé
by air from Minneapolis, Chicago, Denver, and Milwaukee. I is also accessible .
on a direct flight basis from New York City and Washington, D. C.

Funds for the construction of & guest facility on land adjacent to the. - .
Physical Scilences Laboratory have been requested. This building, which- -
wag designed with extensive user input, would form the first unit of the low -
cost, on site housing specified in Section L - -
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Budget Summaries
A Construction Budget

The costs for special facilities, which are the storage ring and its
ancillary systems, are haged upon the engineering mnd seientific needs” -
of the construction project being provided by the Operations Group of the
Synchrotron Radiation Center of the University of Wiscongin-Madison -
and the Physical Sclences Laboratory of the University of Wisconsin- o
Masdison, and reflect these groups' experiences in the design, consiruction,
and operation of the present facility as well as their extensive experiences
in the design and construction of major projects in high energy physics and
other fields, ‘ , o

The building to house the storage ring system and to provide space ‘
for the research program will be a University of Wisconsin-Madison o
contribution to the project. However, funds for heating, ventilating, and . =~ -
air conditioning as well as for plumbing and electrical services are- ‘
included in this submission. These costs are based upon estimates
prepared by the Wisconsin Department of Planning and Construction and
reflect their experience with similar construction projects in the Madison
area. '

Engineering, design, and inspection costs include the salaries of
the professional personnel required to design, develop, and put into
operation the storage ring system, mncluded in this item are indirect
costs and fringe benefits. Indirect costs are charged at the rate of 58% -
of salaries, a rate that was fixed in the negotiated agreement dated
April 19, 1976 between the University of Wisconsin and the Department of
Health, Education and Welfare, the cognizant negotiating agency of the
federal government. The University confribution for fringe benefits is
charged directly to the appropriation {rom which the employee's salary
ig paid, Fringe benefil rates effective July 1, 1976 for regular academic
salaries are 20.4%. '

Covered under standard equipment are the office furniture, file
cabinets, storage cabinets, work benches, laboratory benches, and other
such items necessary io equip the office and experimental areas of the
facility.
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CONSTRUCTION BUDGET
ot FY 1978-79~80
Site Development and Building;
University of Wisconsin

Contribution ($600,000) $ -0~

General Construction

HVAC $ 180, 000
Plumbing 28, 000
Electrical 62, 000 :

Total Bullding Costs : $ 270,000

Special Facilities

A.  Microtron $ 182, 000
B, Guide Fields 653, 000 -
C. Vacuum Systems 167, 000
D. R.F. Systems 272,000
E. Injection Systems 20, 000
F. Extraction System 24, 000
G.  Beam Transport System 1100, 000
H. Conirol System ‘Zh4, 000
I Computer 212, 060
Total Special Facilities _ $1,824, 000
Engineering, Desipgn, and Inspeciion
25% of Special Facilities $§ 481, 000
Crane Facilities § 90,000
Shielding, movable : $ 15,000

Standard Equipment $§ 150,000

Total Construction Costs $2! 93{}g 0090
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B. Facility Operating Costs

Estimated annual costs of operating the expanded facility for FY 19 8{}—81‘7 ’
are given below, The senior psrsomnel and facility support group personnel listed
will be required to maintain a satisfactory level of facility performance, to improve
the operation of the facility, and to make such modifications and improvements to
the storage ring, to its injector, and to the facilily expsrimental squipment as~
will from time to time becoine necessary to mect the ever incre:ising regearch -
requirements of the users. -

Personnel listed as faeility research personnel will have the dual responsi-
bilities of aiding and collaborating with outside investigators as required and of
carrying out a vigorous research effort in their own right. The existence of such
a dual purpose in-house research group is necessary if the full potential of the
expanded facility is to be realized,

Allocations for services, materials, and capltai equapment are based on
experience gained in the past eight years of operation of the present facﬁtty,
taking into account the increase in the level of activity expected of the expanded
facility.

Costs for salaries and services are estimated for 1980, taking into
account expected inereases in University hourly rates and galaries of profegsional .
personnel of a quality consistent with their respongibilities.

The travel funds listed will be used to allow facility personnel to attend
and present reports at professional meetings, to assist members of the Users
Executive Committee to travel to the Radiation Center for program commiltee

‘meetings, and to bring a number of experts in various fields to the Radiation
Center for consultation or to deliver colloguia during the operation year.

It is expected that, as in the past, the in-house group will be a prolific
source of reports and papers of a quality suitable for publication in refereed
journals., In addition, communications both by telephone and the mails from the
Radiation Center to the investigators, including the production and distribution
of the procesdings of the annual users group meeting, must be provided for,
Costs incurred in these vital functions of a national research facility are not’
available from the Universily, by state law, thus funds are included in the
projected annual costs. '



ANNUAL CPERATING BUDGET

FY 1980-81

(12/1/80 - 11/30/81)

Direct Costs

Salary and Wages
Senifor Personnel:
Director - Principal Investigator
Senior Scientlst
Chisf Mechanical Engineer
Operations Manager
Facility Sapport Group:
Physicist
Electrical Engineer
Programmer
Faellity Regearch Group
Belantist
Total Salaries
Fringe Benefits - @ 20.4%
Total Salaries & Fringe Benefits

Services
Technicians
Administrative Secretary
Total Services
Capital Equipment
Expendable Supplies
Travel - Domestic
Telephone; Communications, Publication
Total Direct Costis

Indirect Costs @ 59% of Salaries and Wages

Total Annual Operating Costs

12 person-months

12 person-months
12 person-months
12 perscn~months

24 parson-months .
12 person-ronths:
12 person-months -

48 person-months

48 person-months
10 pergson-monthsg

75

$ 33,091
31, 252
32, 595
23, 000

42,500

- 22,000

29, 000

76, 000
$282, 438

57,617 .
$340, 055

$120, 456

17,500
$146, 956 -
$ 50,000
$ 75, 000
$ 10,000
$ 7,500

$629, 511

$166, 638

$706, 149
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Appendix II

Microminiaturization in Semiconductor Device Processing

- One of the most Important areas of future development of semiconductor
device technology is in miniaturization of integrated circuits. Because this
Involves dimensions possibly as small as 100 A, it requires major steps in
process development ag well as an improvement in understanding of materials
behavior and physical processes at such small dimensions, Among the particular
problems to be attacked are 1) mask making, 2) mask transfer and exposure,

3) photochemistry of resists, 4) materials characterization and physics and
chemistry of surfaces and interfaces, and 35) procéssing and device fabrication.’

We are proposing, through a cooperative effort between the Materials
Science Center, the Synchrotron Radiation Center, and the Integrated Circuits )
Laboratory at the University of Wisconsin-Madison, a coherent research and
development effort in microminiaturization.

Materials Science Center : e

The Materials Science Center at the University of Wisconsin-Madison was

developed to foster and coordinate interdisciplinary materials research. The
Center has made it possible to asgemble in a coherent fashion a wide array of
state-of-the-art analytical instruments that are widely used by a number of
research groups, resulting in several strong interdisciplinary research projects.

About 25 faculty members from Chemistry, Physics, and Engincering
departments are associated with the Center. Projects range from studies of )

adhesion of polymers to electronic properties of semiconductiors and from device

processing to surface physica,

Equipment available in the Center of pertincnce to microminiaturization
include a scanning electron microscope and microprobe, Auger spectroscopy,
ESCA, and a variety of optical techniques, evaporation facilities, and sample
preparation support facilities, An ion implanter is also available,

Synchrotron Radiation Center

SRC is a most important component in the microminiaturization research
effort, in that it provides the source of radiation for exposure of photoresist.
Although it is pogsible to use the present storage ring (in fact, demonstration
experiments fo that effect have been ecarried out), the proposed Aladdin storage
ring will be much niore suitable for this effort, in that it provides a more intense
source of radiation at the proper wavelength for photoresist exposure. The use
of synchrotron radiation is detailed below under "Experiments’.

29
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Integrated Cilrcuits Lab

The third major component of the microminialurization effort is the IC Lab,
for carrying out the diffusion and processing of samples. The IC Lab is recognized
as one of the best in the country, The present mask-making facility is associated:
with the IC Lab, and improvements in mask-making will originate from this base.

Experimentis

1,

Demonstration Experiment

A demonstration experiment in making a fine-line mask and -
exposing it on the existing storage ring is planned in the near future.
It involves using preferential - etch techniques to cut a 200 A line
into Si and using this as a mask to expose photoresist deposited on
ancther piece of 8i, Calculations indicate that it should easily be
possible to make simple masks hy etching and exposing them with
synchrotron radiation, Exposure times with the present ring are
relatively long, but will be significantly reduced using Aladdin, -

Participating Faculty:

H. Guckel Elecirical and Computer Enginearing :

M. G Lagally Metallurgical and Mineral Engineering
E. M. Rowe Synchrotron Radiation Center

J. H. Weaver Synchrotron Radiation Center

"Photochemistry of Polymers

In order to develop a workable process, considerable information
is required ahout the behavior of photoresist undar strong radiation
conditions and for very small dimensions, It is planned to study the
behavior of typlcal photosensitive polymers using synchrotron radiation.
Tt would naturally be desirable to use optimum intensity and wavelength.
These will be available in Aladdin. However, preliminary expgriments
are planned on Tantalus, :

Participating Faculfy:
8. Cooper Chemical Engineering

H, Guekel Electrical and Computer Engineering
E, Rowe Synchrotron Radiation Center
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3. Physics and Chemlistry of Iierfaces/Materials Charaaterizatiod

At the small dimension involved here, "surface properties may =~
become exceedingly important to the operation of a device. Infact, -
the surface effects may dominate, We plan to study surface and .
interface effects in Si and at the S510,/8i interface in the presence
of typlcal dopants. We expect to make electrical measurements on
samples on which simple fipe-line patterns have been etched.
Analytical tools to be used include Auger spectroscopy, ESCA, ultra-
violet photoemission spectroscopy using synchrotron radiation, and
photoconductivity, as well as more standard electrical measuréments,

Participating Faculty:

M. G. Lagally Metallurgical and Mineral Enginecring.

R. N. Dexter Physics 4
J. D. Wiley Electrical and Computer Engineering
Henry Cuckel Electrical and Computer -Engineering

4. Frecessing and Device Fabrication

I the final analysis, the purpose of these studies {$ to produce -
a useable device. This involves mask-making, mask transfer,
diffusion, oxidation and metallization, and device testing. These
experiments will be carried out in conjunction with the IC Lab,
using the scanning electron microscope available in the Materials
Science Center. Efforts will be consentrated on mai{mg Smgiamz,ﬁask
devices sueh as Josephson junctions.

Participating Faculty:

H. Guckel | Electrical and Computer Engineering
J. Nordman Electrical and Computer Engineering

Summary

E is clear that in this multifaceted attack on development of a useable micro-
miniaturization process, the availability of a synchrotron source of the proper
intensity and wavelength is a necessily. Although preliminary experiments can be
performed on the present source, the prsposed new ring would greatly aid in
¢ arrying out this program,

C
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Degcription of Possible Data Aeqt:mfmn ‘s‘prem at the nnﬁnd SHC.

Users of SRC could often use on-line data acquisition services; however,
reliability and ease of use are prime concerns. TUsers traveling from a distance .
present a major problem, because interfacing to almost any computer system,
hoth from the hardware and software viewpoint, takes time. This time constraint
leads to the concept of small computer systems which can be loaned to users for
a few weeks or months before the users conve to SRC. hnitially, there would be
three to five of the following small systems: ‘ o

© 1. A microcomputer with shout 16 K words_of'memory. This Qnmput;er
would be an imitation of a larger minicomputer, and therefore would
have available to it an operating system, FORTRAN, BASIC, ete.

2. A mass storage dovice, either a floppy dise or a small tape cartridge.
Floppy discs are faster than tapes, but thcy are less reliable for "
program development use and have limited capacity, Thus, a
cartridge may be preferred. Two drives may or rhray not be nee@ed.

3. An YO capability which can at least read ASCTE af various haud rates,
At least two devices (Teletype and a line from the experiment) W(‘.)‘Eﬂd
be needed.

4 The ability to drive an x-v plotter, pulse o monochromator, and
possibly read a scaler in binary. (Other interfaces with equipment
would probably be in ASCII or possibly via CAMAC,)

Users would be expected to provide Teletypes (SR C has some available), x-y plotters,
and an ASCII interface to their experiment. The ASCI interface should probably be '
at least 30 characters per second (300 baud), since Teletype speeds (10 ¢cps or 110 baud) -
are very slow, SRC would provide a library of subroutines and driver programs which
users could adapt to their own experiment, putting together simple programs on their - -
loaned system., -

In order to develop a library of programs for the small systems, SRC would need
a larger system for extensive program development. While cartridges and floppy discs
are good for data storage, they tend to he slow or break down when used heavily for .
program development, Therefore SRC should have the following moderate size system:

1. The larger minicomputer upon which the microcomputer is modeled (so that
all software for the systems is compatible} with about 32 K words of memory.

2, The same smali mass storage device (cither floppy or cari:ridge} which the
small systerns have, In order to communicate with these systems.

3. A good sized dise drive, 9-track tape drive, and line printer. Parhaps
also some graphics capability.

4.  Possibly a network software package which would allow the microcomputers
to use the larger system's mass slorage devices when running at SRC, instead
of their own cartridpes or floppy discs,
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These requirements could be met easily by acc,elerator cn;}trol cr}mptzter dt*armg
stored beam periods when the computer is operating in the monitor mode or when -
the storage ring is off (possibly eight to twelve hours per day}. ’

The small systerns would be the property of SRC; however, users could purchas@
equivalent systems, probably through SRC, if thev wanted to keep their own system at
home on a permanent basis, SRC would be able to supply its library of subroutines - _
and sample drivers to users who purchascd such 2 system through SRC. Users Wdul%if '
not want to do exiensive program development on a minimal system, but they could
plece together a program from SRC-supplied software without a large gmgra.mmmg
effort.

The larger system at SRC would be available to both SRC staff members and

-SRC ugers, both for program development, data reduction, and transferring data to

9-track tape.

It will be necessary to establish a standard hardware and software interface to any -

data acquisition system. This proposal specifies ASCII output from and input to experi- -

mental apparatus as a standard, A CAMAC intérface may be proiwided In addition. It °
may even be preferable to establish a different type of standard, pessﬂ)ly based on an
interface supplied by PSL. Further investigation in this area is needed,

Users Wishing; to uge multi-channel analyzers with this aystem should be able to
do o using an ASCII interface, Users wishing to use an interrupt feature or a real
time clock should be able to do so, Users with high data rates may find the small
gystem too slow, especially if they use an ASCI interface.

Programming would be in either FORTRAN or BASIC or both, BASIC, an
interpreter, provides more immediate, interactive control over an expeviment,
FORTRAN, besides being more familiaxr, is a lot faster than BASIC, I may be fairly
easy to write library subroutines so that they can be called by either E‘ORTRAN or
BASIC.

Since each user would have his own system, hopefully real time response would
be adequate. Simultaneous data acquisition and simple snalysis should be possible, .
but the time constraints imposed by a mieroprocessor and an ASCII interface may limit
data rates. BASIC would further reduce the throughput capacity. A non~ASCII interface
(either CAMAC or some other) would greatly increase throughput. : -

Reliability of an Individual system is provided by having more than one small
gystem available at SRC, for backup purposes. However, only one larger system
would exist.

Price estimates for the two systems follow on the next page,
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There are six vendors who are likely C‘lﬁdl({aléf«- for the kind of daal ssrstem -
proposed here,. They are:

Data General
Digital Eguipment
Hewlett Packard
Interdata
Modcomp

Texas Instruments

Prices from these vendors {3/1/76) for a packaged microcomputer Tun about
$5,500 to $10, 000, with the $10,000 sysiem from DEC including D to A'S, A to D's,
floating point hardware, and real time clock, A dual drive lToppy is anifﬁrnily,aboui;
$4, 000 exira. (The first price does not include a dise) )

Prices for the larger system (e.p. Interdata 7/32) start at about $25, 000, with
. console and disc, A character line printer will be about $3 500, a nine track tape. '
drive about $10, 000, o

Networking software, available for $1, 7 0090 to $2, 000 fro;fn ‘some vendors, could
make floppy discs at the site unnecessary, ancl thus retime costs by a couple multzples )
of $4, 000, .

Software is included in the price of some systems, but the less expensive systems
will penerally have software priced geparatoly., FORTRAN and BASIC run about
$2, 000 apiece, when they are priced separafely, but only one copy need be bought for
all systems.

Care must be taken in selecting a system, because the cheaper systems have
greatly reduced capability; some cannot compile FORTRAN, for instance, Thus- it
will probably cost at least $7, 000 for an appropriately packaged microcomputer,
plus asbout $4, 000 for a dual floppy disc drive. The larger development system would .
be about $50, 600 minimum (including printer and lape unit and software). ‘
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A. Beam Line and Mmsirumentation Costs for Aladdin

The cost of instrumenting Aladdin with an initial complement of 14 monochromated - B
beams can be rather inexpensive if instruments and components from Tantalus I are used
for all of the implementation, On the other hand, if all new instrumentation is used, -
costs will be quite a bit higher. The optimum choice of instrumentation will lie somewhere
in between these two extremes, Some of the instruments on Tantalus I are speeifically = -
designed for use on that machine and will need some modification for optimum performance
when used on Aladdin, Somé other instruments (primarily the older commercial instruments)
are poor vacuumwise and should also be modified. In view of the total instrument complement
needed to carry out the seientific obiectives of Aladdin, it may not be as cost effective as
it now appears to carry out these modifications on obsolescent or specialized instruments..

Therefore, we have explored an alternative to simply transplanting all of the )
instrumentation and beam lines presently set up at Tantalus I to Aladdin. This plan calls ™ .
for upgrading elght of the fourteen instruments and beam optics sy@ems,fmm Tantalus . -
and acquiring six new monochromators and beam optics systems designed specifically -
to exploit the Improved characteristics of Aladdin., It is expected that this work would be .
funded through an additional grant and carried out in parallel with the Aladdin construction
program. With the exception of the grazing incidence and toroidal insiruments, the
monochromator prices are estimates from a commereial vendor (GCA~McPherson). -

The main needs for Aladdin ingtrumentation that cannot be met with instrumentation
from Tantalus I are for several high resolution instruments for the 500 eV to several keV
repgion, an additional 3 or 4 meter high resolution normal Incidence monochromator,
and an additional high resolution near grazing incidence toroidal grating monochromator,
In addition, two vertically dispersing 1 meter normal incidence monochromators could
make good use of the optimized properties of Aladdin at longer wavelengths.

The carrent price for a commercially manufactured ultrahipgh vacuum version
of o 3 meter normal incidence monochromator is $85, 000 without pumping or gratings
which would add about $8, 000 to the price. The two 1 meter vertically dispersing
normal incidence monochromators will cost about $60, 000 each without pumping _
system and grating. These will add about $14, 000 to the cost for two of these instruments.
The very short wavelength grazing incidence monochromator still requires development
but 1t is estimated that they would cost about $80, 000 each, complete with grating and
pump. Similarly, the toroidal grating monochromator is not completely designed but
a cost of $55, 000 for this instrument, complete with gratings and pumping system,
appears reasonable at this time.

It will be noted that transmission grating monochromators have not been mentioned
here. The reasons for this omission are made clear in the next section of this appendix.

Components for about eight beam lines could be brought over to Aladdin from
Tantalus T with only minor modifications required. New beam lines will cost about
$30, 000 each on the average for the optics, vacuum system, support stands and
adjustments, etc,

A surnmary of costs is given in the Table.



i 38.,

Tahle I, Estimated Costs for Improved Aladdin nstrumentation.

Cost of upgrading and recondilioning Tanialus I beam lnes
for use on Aladdin (need all metal manual valve, fast acting
valve, bakeout system, etc.) @ $5,000

Cost of new beam lines (optics, vacuum sysi;em, supi}ort
stands, adjustment system, bakeout, eic.) & $31,0008

3 Meter vertically dispersing normal incidence mono-
chromator eomplete with pumping systemn and gratings

Two 1 Meter uhv vertically dispersing monochromator
complete with pumping system and gratings @ 366, 000

Two high resolution short wavelength grazing ineidence
monochromators - $80, 000

Une toroidal grating grazing ineldence monochromators

Total for 14 monochromatic beam lines (with 8 from
Tantalus )

Calibration, alignment, and grating lesting cquipment .

TOTAL

$ 40,000

3186, 000

$132, 000

$160,000

Ll vy

"% 55,000

$666, 000

$ 25,000

<2681, 000

mwz‘f’“—'“‘"
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B. Congiderations of Monozhromalors 7‘
for Use in the 10 & Region on Aladdin

The wavelength region around 10 E is a very difficult one for high~resolation .
monochromaiors that are to be used with storage ring synchrofron oradzatwn sources -
and massive sample chambers., Al wavelenpgths less than about 4 A nondeviating,
double channel-cut silieon or germanium crystal monochromators can be used with |
gogd regolution (> 11’)" and high efficiency. [For wavelengths greater than about
4 A there are no crystals available af the present time with large atomic plane
spacings, high efficiencles, and the properties necessary to produce good channel~
cut crystal monochromators, - -

@Quartz crysials have been used in a bent-crystal, focusing monochromator
with AL-Ky radiation (8.3 A, 1.5 keV) with a resolulion of about 0,2 eV and a:
reflection efficlency of 30%°", With four refleciions in a double-cut configuration
the system efficlency using quartz would be only about 1%, Discreje wavelengths
can be produced with focusing erystal monochr omators, but the Brigg condition ‘
requires that the entrance and exit beams be symmetrical aboui the crystal normal
and that the slits lie on the Rowland circle. This makes scanning nearly impossible
when a large sample chamber is involved. Therefore, for the foreseeable future, we
musgt congider diffraciion grating monochromators for high reselution scamning -
applications in the 10 A region.

Before evaluating the various types of diffraction grating monochromators we
have to determine the magnitude of the resolution that we should try for, Among the
experiments requiring the highest resolution are ESCA, XPS, measurements of line
widths and relative intensities of linesg in absorption and chemtical shifts are in the
range from 0-10 eV with many having magnitudes of a few tenths of an eV, Also
gome XPS giructures and line widths ave of the ovrder of 0,5 eV, Thevefore, it appears
to be -desirable to be able to resolve 0.1 eV or better, :

There are three types of gratings to be considered for use: concave reflection
gratings, plane reflection gratings, and transmissign gratings., Conecave reflection
gratings have been used down to ~ 3 A and modern techniques are capable of producing
fairly efficient gratings. Concave gratings produce their own focusing and in a-

Rowland circle mount no other optiecs are required between the slits of the monochromator. -

I addition, a spheriecal optical surface can be produced with greater accaracy than any
other. In general, however, Rowland circle mounts in the prazing incidence region
are complicated, expensive, and, when in a nondeviating configuration, require other
reflecting surfaces outside the slits. Plane reflection gratings can be used with very
simple scanning systems since only a simple rotation is required, but other focusing
optics must be used to focus the diffracted beam on the exit slit and sometimes to
collimate the beam before the grating, In addition, at large angles of incidence, the
gcanning range of a plane grating monochromaior is small due to occulting of the
incident or exit beam as the grating is turned unless anxiliary mirrors permit several
optical paths to be used. Transmission gratings for the soft x-ray region are still in
the experimental stag&zlg but they are of great interest since there is no absorption

of the radiation that passes through the slots in the grid and, therefore, their effmienmes
should be fairly high.

g s n iy« 8
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Since transmisaion gratings are new let us first consider using them for &
10 E 0.1eV (E/AE = 12, 400) resolution monoehmmator. :

There are four factors which influence the resolution of a plane grating
monochromator regardless of whether the g,mting is used in reflection or trans- -
mission, They are: .

1. The number of lines illwminated by the photon beam,

2. The divergence of the incident photon beawn at any
given point on the g‘re%%ing surfnce, '

3. The dispersion of the grating used.

4. The guality of the mirrors used to collimate the beam
and {(or) focus the diffracted radiation on the exit sii£
of the monochromator,
As we shall see, items 2, 3, and 4 are the ltmltmg factors in prmziding hxgh resoiutmn
at high energies with a transmission grating. :

Ag 15 well-known, the resolution of a plane grating illuminated by parallel&rayé
of light is given hy: : T

R =nN

where n is the spectral order number and N is the number of lines illuminated,
'The number of lines illuminated is, of course, the number of lines per millimeter -
of the grating times the width in millimeters {(perpendicular to the grating lines) -
{lluminated by the light beam. The present statemof--théewart can produce gratings
with about 3600 1/mm (grating spacings of about 2800 A). Therefore, we need to
flluminate only about 4 mm of grating width to iave R > 12,400, As the number

of lines per millimeter increases, the ratio of radiation scattered from the edges
of the openings to diffracted radiation will also increase and experimental measure~
ments will be required to determine how useful high line density gratings will be,

The effect on the resolution of an angular spread in the beam Incident on a
plane transmission grating can be caleulated from the expressions

AN = Ao ' d/n" cosf

where d {isg the graling spacing, n is the order mumber, and AA 'is the wave-
length spread of radiation diffracted at a given angle when the radiation incident
on each point of the grating contains an angular spread A, This angular spread
comes from imperfect collimation of the incident beam due to Iinite source size,
finite source to grating distance, and imperfect optical surfaces in any coilimatin
optics that are used, Aladdin has 4¢, = 220 Hm and a full vertical angle at 10
equal to 0, 8 mrad, T we wish to reduce the numhber of reflecting surfaces to a
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minimum, we can illuminate the grating directly., Using the central 0.4 mrad of
beam we can fill 4 mm of grating width at 10 meiers. At 10 meters from the :
grating, the 220 Um high beam subtends 4o - (220 x 10-6)/10 = 2.2 x 10~% radian,
I we have a 360§ L /mm grating (d = 2800 ?i&} at normal incidence (n = 0), we have .~
that AX= 0,082 A in fi&‘st order. However, to have A/ = 12,400 at 10 R, ‘
should be 8.1 x 104 A, Even an entrance slit and collimating opticg cannoet-reduce
A to the necessary 3 x 10~7 radian in order to have 4= 8 x 104 A because even
the best x-ray telescope mirrors have angular accuracies of about 1 sec of arc

(~ 5 x 10~% radian), ' :

We see that if we increase o so that © increases we achieve the required
AX at a larger Ao, However, we need to go to a~p = 89° before we can use
angular spreads of 10~5 radian and we have a reflection grai:'mg rather than a
transmission grating,

Having ruled out the possibility of achieving 0,1 eV resolution at 10 £ with
a transmission grating let us consider reflection gratings. T we let n=g = 86°,
we have that for Ax =8 x 10~4 £ and d = 2800 &£ it follows that fr = 1.64 x
10-% radian. I we place a 100 Um slit near the beam it will subtend 1, 64 x 10~9
radians at about 6 meters. A 100 mm long plane grating at o = 89% will intercept
a 1.75 mm beam heipht (which is about 0.3 mrad} at 6 meters or about 45% of the
beam, If we can put about 10 horizontal mrad of beam on the grating we would have
2.4 x 1011 photons/secin E = 0.1 eV at 12,400 eV for a 100 mA beam in Aladdin.
T we have a 5% grating efficiency and about 50% efficiency for the mirror which
focuses the beam on the exit glit, we would have 2.4 x 103_*1 X .45 %x .05 x .6 =2.7
x 109 photon/sec in AE = 0.1 eV, A state~of-the-art grazing incidence mirror
system would be adequate to focus the beam on the exit slit. .

Let us now consider what can he done with a concave grating in a Rm%}and
circle mounting, Since the bandpase of a Rowland circle mounting is given by:

where R is the radius of curvature of the grating and 2 g is the glit width, we
see that we need a grating with small grating spacing and large radius of curvature
to get high resolution, J-Y Optical Systems, Inc. has a grating listed with

R = 11,573 meters and 3600 1/mm (d = 2778 X), These parameters and a bandpass
of 8 x 10~4 X pive a slit width of 3,3 pimn . With o = =~ 89°, central image will be
40,4 cm from the entrance slit. At 10 A In first positive order the distance from
the grating to the exit slit becomes 1,00 meter. If we allow a maximum of 3 meters
between entrance and exit slit and maintain o = 83% we could reach 70 8 (177 eV).
Conceptually, the monochromator would consist of an entrance slit module, =n exit
slit modeule, and a grating scanpning mechanism meodule sef up in an arrangement
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similar {0 a precision optical bench, The scanning module would be able to irave’rse
the grating zlong about 52 of arc of the Rowland circle. To cover the full range of
wavelengihs between 10 R and 70 S the modules would have to be relscqmd in -
several different relative positions.

With the above grating and o = 892 the opumzzm width of the gm’rmg for strazght
equally spaced grooves) is 36.8 mm at 10 X This grating length will subtend 2:7 mrad :
at the entrance slit. About 58% of the beam is within .4 mrad, ¥ this is matched into
the 2,7 mrad angular acceptance of the grating with a 0. 15 magnification mirrox system
the beam spot on the slit plane will be about 33 um high (4 o) and the slit will accept
0.40, . Fifty percent of the gaussian distribution is within I.358 o, so0 about 20% .
will be within 0.4 0_ . Again, If we can put 10 mrad of horizontal geam spread ‘into
the monochromator we will have 2, 4 x 10%1 photons/sec in AE =0.1eV-at 1, 240 eV
for a 100 mA beam In Aladdin. If we have a 5% grating efficiency and two reflections
at about 50% efficiency we have 2,4 x 10l x .2 x.05%x.26+= 6x10% photons/second
in a 0.1 eV bandwidth, This is about a factor of 4 less than the p}‘m&a grating
"super grazing' monochremator, :

We conclude that the plane grating monochromator looks the most aftractive.
from the standpoints of greater throughput, morc versatility, and the possibility of
covering a larger scanning range with reflective fillering as is done with the Flipper
monoghromator at DORIS, (

1t should be noted here that the beam height in Super Aladdin will be .068 mm
(4 o) and, therefore, the performance of both grating instruments descrzbed here
can be considerably improved,

T
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