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Conceptual Design Report

A. SCIENTIFIC OBJECTIVES OF UNI-CAT

The member institutions of the UNI-CAT
(University-National Laboratory-Industry
CAT) are the University of Illinois at Urbana-
Champaign (UIUC), Oak Ridge National
Laboratory (ORNL), Allied-Signal Research
and Technology (A-S), and UOP Research and
Development (UOP). The present membership
of the UNI-CAT consists of faculty members
from five departments at UIUC, scientists from
ORNL and the University of Houston, and
researchers from A-S/ UOP. A number of
graduate research assistants and post doctoral
research associates will also participate in the
project.

The overall thrusts of UNI-CAT are:
(1) Research at the cutting edge of the fields of
physics, chemistry, biology, materials science,
chemical engineering, polymer science, and
geology with emphasis placed upon close
collaboration and joint research/development
efforts between scientists and engineers from
universities, industries, and national
laboratories; and

(2) Education of a new generation of scientists,
with expertise in the use of synchrotron
radiation to probe the structure, chemistry, and
dynamic behavior of materials.

Based primarily on the experimental
techniques involved, the areas of research
proposed by UNI-CAT can be divided into
eight categories.

1. Structural Crystallography: Structure
determination from single crystals or
powders (Rietveld analysis) of catalysts,
molecular sieves, clay minerals, polymers,
and others, using diffraction techniques
including microdiffraction.

2. Macromolecular Crystallography:
Structure determination from single-
crystal biological macromolecules with
poor scattering quality using an area
detector.

3. Diffuse X-Ray Scattering: Determination
of structures and the dynamic behavior of
lattice imperfections in metals, ceramics,
semiconductors, superconductors; short-
range ordering and distortions in alloys;
determination of protein folding.

4. Surface/Interface Diffraction and
Scattering: Study of surface reconstruction,
relaxation, roughness melting, chemical
reactions, and phase transitions in sub- or
mono-layer adsorbate coverage on single
crystals, in buried interfaces, in
multilayers, and on bulk surfaces.

5. Millivolt/Nanovolt Resolution Scattering
Spectroscopy: Investigation (with
-100 meV energy resolution) of electronic
excitations, quasi-elastic scattering,
Raman scattering; and Mdssbauer
scattering spectroscopy using neV energy
resolution for separation of
elastic/inelastic scattering and neV level
quasielastic scattering.

6. Magnetic X-Ray Scattering:
Determination of magnetic structure and
defects in magnetic superlattices, high-7*c

superconductors, magnetic Compton
scattering, and two-dimensional
magnetism using resonant absorption
methods.

7. Time-Resolved Structural Scattering: Use
of the time structure of the APS for
nanosecond resolution time-resolved x-ray
diffraction measurements of transient
phenomena such as highly undercooled
liquids and rapid melting and crystal
growth phenomena.

8. X-Ray Absorption Spectroscopy: X-ray
absorption spectroscopy will be used for
studying the atomic structuies of catalysts,
molecular sieves, oxide gels, interface
arrangements, and other materials.



9. Coherent X-ray Scattering, Utilization of
the high brilliance to develop coherent
diffraction techniques.

The UNI-CAT proposal is to develop an APS
sector that includes a bending magnet (BM)
beam line and an insertion device (ID) beam
line as shown in plan view in Fig. 1. The APS
type-A undulator is the preferred choice for the
insertion device to provide a high-brightness
and high-brilliance beam over the energy range
- 4 to 40 KeV. Both the ID and BM beam lines
will use sagittal focusing monochromator
crystals and cylindrical mirrors to produce

finely focused beams. The BM line will also
have the option of selecting a flat crystal
monochromator for use with x-ray absorption
spectroscopy. The ID beam line will serve two
end stations: a high-resolution diffractometer
(1D-1) for diffraction physics, high brightness
diffuse scattering, crystallography, magnetic
scattering, inelastic scattering measurements,
and a dedicated surface/interface
diffractometer (1D-2). The BM beam line will
be equipped with two end stations: an x-ray
absorption spectrometer (BM-1) and a tunable
energy, diffuse and general diffraction physics
diffractometer (BM-2).



B. CHOICE OF INSERTION DEVICE

The Type-A undulator design has been chosen
for the ID line of UNI-CAT tor the purpose of
providing a high-brightness and high-
brilliance x-ray beam with energies over the
extended range of - 4 - 40 KeV. The Type A
undulator provides radiation in the 4-14 KeV
range through tuning of the fundamental energy
and higher energies (14 - 40 KeV) through the
use of radiation from the second and third
harmonics.

As discussed in the scientific objectives (Section
A. above), the mission of UNI-CAT is to
provide for the x-ray needs of a wide range of
scientific interests of investigators from various
institutions. The ID line is to provide radiation
(1) to a multi-purpose, high resolution
scattering station, whose experiments
encompass structural crystallography, diffuse
scattering, magnetic scattering, millivolt and
nanovolt resolution spectroscopy, and time-
resolved investigations; and (2) to a more
specialized UHV surface/interface scattering
station.

The ID line will have a sagittal focusing
monochromator and cylindrical focusing mirrors
to minimize beam size at the sample position
while making utilization of the entire
synchrotron beam possible. A wiggler ID would
also provide for many of the x-ray flux
requirements of UNI-CAT, especially if
sagittal focusing is used; however, the higher
brightness undulator source provides the high
flux with a much smaller angular divergence.
As pointed out by Shenoy, Viccaro and Mills/1)
if the mrad width of wiggler beams can be

utilized, the flux delivered by wigglers and
undulators are comparable; however, the
angular divergence of wiggler radiation is more
than 10 times that for undulators. This is
important in connection with the use of sagittal
focusing with a demagnification, as
demagnification increases the divergence. The
divergence is also important in connection with
the use of 1/4 wave plate techniques^) for
circular polarization of the beam, because these
devices accept only a few arcsec of radiation in
the horizontal as well as the vertical
direction. Therefore, it is important for
magnetic scattering investigations requiring
circular polarized radiation to be able to make
use of collimating conditions (i.e. parallel beam
from the focusing element) of sagittal and
vertical focusing and at the same time maintain
reasonable vertical and horizontal beam sizes
(-1x1.6 mm2).

We do sacrifice the wide tunability afforded
by the continuous spectrum of wiggler IDs;
however, for UNI-CAT, tunability is important
mainly for absorption spectroscopy, which is
projected for the BM line where continuous
wavelength tuning will be available. The first
optical element of the monochromator
(requiring extreme heat dissipation) will be
chosen from devices with advanced cooling
techniques as developed and recommended by
the APS. It is assumed for this report that
sagittal focusing will be possible on this device,
as addressed below in the preprint of work by
Ice and Sparks (see Appendix).



C SPECTRAL REQUIREMENTS

1. ID BEAM LINE

Monochromaticity:

Diffraction and General Scattering
Measurements. Making use of experience at
existing synchrotron lines at NSLS and CHESS,
the monochromator requirements for diffraction
and general scattering are adequately satisfied
by the 2-3 eV resolution afforded by a Si 111
primary monochromator using sagittal focusing.
For purposes of this report, it is assumed that
the heat load monochromator developed or
recommended by the APS will accommodate a
Si 111 (or 333) reflection over the 4 - 40 KeV
energy range of interest, so this requirement is
assumed to be fulfilled.

Millivolt Resolution Inelastic Scattering
Measurements. The rationale of the initial
construction phase has undergone some revision
since the original UN1-CAT proposal. As a
result of the association of UNI-CAT
investigators with the SRI-CAT for the
construction of a dedicated (meV/neV) inelastic
scattering beam line, it has been decided to
pursue resolution of - 100 meV on UNI-CAT in
the initial phase of development. This will
avoid duplicating the effort of achieving the
highest resolution until more experience has
been obtained both at ESRF and in
collaborations with SRI-CAT.

Resolution of - 100 meV can be obtained
through the use of beam line conditioning
diffraction elements within the hutch in the
form of a channel-cut secondary
monochromator. Nested asymmetric channel-
cut monochromatotrs, that can be installed as a
beam conditioning device within the hutch, can
in fact be used to get a resolution of - 15 meV.
This approach removes the need for very long
backscattering beam paths for the
monochromatorP) R. O. Simmons is presently
on sabbatical with J. Peisl and E. Burkel at the
University of Munich and DESY, and is
concentrating on the design and operation of
meV spectrometers. Present expectations are
that the initial phase of construction will use

spherically focusing, near back-reflecting LiF
analyzer crystals in order to subtend a
sufficiently large solid angle for detection;
however, developments in this area will be
monitored closely to make use of the most
appropriate methods.

Nanovolt Resolution Capability. This activity
will make use of a nuclear resonant
monochromator element inside the hutch. Such
a menochromator is presently under
development by the ORNL group (as well as
other groups at ANL, NSLS, SSRL, DESY and
ESRF). Results by the Oak Ridge group, using
both wigglers and undulators at CHESS,
indicate that a primary monochromator with
- 5 eV resolution for 14.4 KeV x-rays is
sufficient; this can be fulfilled without
difficulty by a Si 111 monochromator.

Polarization:

Magnetic Scattering. This capability will
require circularly polarized x-ray beams for
some of the investigations. To provide this
condition, the linearly polarized undulator
beam will be conditioned in the hutch by a 45°
diffraction phase plate arrangement to produce
circularly polarized x-rays. The inherent
brightness of undulator beams is well suited for
the use of 45° rotated Laue-Bragg diffraction
phase plates. For lower energies, Bragg case
channel-cut 45° polarizers can be utilized if it
is desired to avoid very thin Laue geometry
crystals.

Wavelength runability of these phase plates
will be accomplished through the use of step-
tapered Laue-Bragg crystals*2* with rotation
around the diffraction vector to fine-tune the
thickness needed for the wavelength selected.

Because this is not yei an extensively
developed area, the polarization conditioning
devices and polarization state analyzers will
be developed, tested, and optimized by UNI-
CAT investigators at existing synchrotron lines,
and modifications will be made to take
advantage of any new developments in this



area. In the event that the undulator cannot be
tuned sufficiently in the initial phase of APS
operation, off-axis slits on the bending magnet
beam line will be considered as a temporary
source of right-and left-handed circularly
polarized x-rays.

Wavelength Tunability*.

The ID beam line design does not assume
tunability in the form of changes in the
undulator separation during running time, so
any tuning for wavelength changes is assumed
to be limited to the 100 - 200 eV width of the
first, second, or third harmonic peaks of the
undulator spectrum during runs, with larger
changes to be performed between fills. The
possibility of changing the undulator gap
during runs would clearly have a positive
impact on the flexibility of undulator beam
lines, and it is hoped that such a possibility
will be available in mature operation of the
APS.

2. BMBEAMUNE

Monochromatic!ty and Tunability:

EXAFS and XANES. The absorption
spectroscopy investigations proposed on UNI-
CAT are compatible with the 4 - 40 KeV energy
range available on both the bending magnet
and undulator beam lines, and they require
- 1-2 eV energy resolution. This energy
resolution is routinely obtained on beam lines at
existing synchrotron facilities using Si 111, 220,
and 311 monochromators, and higher harmonics
of these reflections.

Since the EXAFS/XANES work is projected to
be carried out using a flat (i.e. unfocused)
monochromator, no special developments are
required. The sagittal focusing monochromator
to be used for the diffuse scattering station on
the BM beam line can, in principle, be used for
absorption spectroscopy as well. However, in
the initial phase we are not specifying the
sagittal focusing monochromator to provide
control for scanning energy while maintaining
full energy resolution and sagittal focusing. If
such a capability is desired later, it will be
addressed as a development project by
individual investigators after the
commissioning of the beam line.

Diffuse Scattering and General Diffraction.
Research to be carried out on the second hutch
of the BM beam line will also be satisfied
spectrally with the 4 -40 KeV energy range and
the energy resolution of 2 - 5 eV obtained from a
sagittaly focused Si (111) monochromator. Such
a monochromator with 4 mrad acceptance and 5
cm beam width has been in use for a number of
years at the X-14 beam line at NSLS. This
focusing monochromator was developed by C. J.
Sparks and G. E. Ice of the ORNL group, and
extension to the 6 mrad and 15 cm beam width
associated with the APS BM line should not
pose an unmanageable problem. It is hoped
that a commercial supplier will be available
for such a device; however, we believe the
expertise to construct such a device is available
within UNI-CAT if needed. True conical
focusing is expected to be required for the large
monochromator crystal needed for the BM line,
whereas the present X-14 monochromator has
not needed to utilize it's conical capabilities,
although they are present.



D. OPTICAL DESIGN

Optical Objectives

The overall optical design of both the ID and
BM lines is to make use of sagittal focusing
silicon crystals as monochromators and dual
rhodium coated mirrors for vertical focusing
and harmonic rejection as depicted
schematically in Figs. 2,3- Sagittal and
vertical focusing will be used to concentrate the
highly diverging BM beam to - 1 mm2, and
focusing of the much less divergent undulator ID
beam to < 0.25 mm2. Elastic bending of fist
monochromator crystals and flat mirrors
provides for the possibility of continuously
varying the focusing condition from no focusing
to focusing of the beam at the sample position.
Therefore it will allow for the production of a
beam that is collimated (i.e. parallel) in
either (or both) the horizontal and vertical
directions. This collimation mode produces a
beam with the spatial dimensio.'.s of the beam
at the optical element, but with a low
divergence that will pass high resolution
downstream beam conditioners such as phase-
plate polarizers or high resolution resonant
nuclear monochromators.

As depicted schematically in Fig. 4, on the BM
line a flat monochromator crystal will be
selectable for EXAFS application in place of
the focusing monochromator to provide for
changing monochromator reflections and to
ensure that the sagittal focusing does not
compromise the EXAFS capabilities.

Sagittal focusing of the second monochromator
crystal of both the ID and BM beam lines will
provide for the following special cases:

Flat (unbent) condition: No focusing;
horizontal divergence of undulator beam

Collimating condition: Beam parallel in
horizontal (sagittal) direction

Point focusing condition (nominal 2:1 - 3:1
dmagnification on ID line): Beam converging
at the sample (or at the detector) with

nominally twice or three times the sagittal
divergence of the undulator beam

Point focusing condition (nominal 1:1
demagnificztion on BM line): Beam
converging S the sample (or at the detector)
with nominally the same sagittal divergence
as that o? the BM beam

Vertical focusing mirrors (one focusing and one
flat) will provide the following special cases
for the ID and BM beam line*:

Flat (unbent) condition: No focusing; vertical
divergence of beam

Collimating condition:
vertical direction

Beam parallel in

Point focusing condition (nominal 2:1 • 3:1
demagnification on ID line): Beam
converging at the sample (or at the detector)
with nominally twice or three times the
vertical divergence of the undulator beam

Point focusing condition (nominal 1:1
demagnification on BM line): Beam
converging at the sample (or at the detector)
with nominally the vertical divergence of
the BM beam

Vertical position of the beam: The vertical
position of the beam will be kept constant by
the position and angle of the second (flat)
mirror

Vertical and Horizontal Beam Parameters (2c)
for the ID line (Ref. 1, Table 4.1), assuming a
radiation cone angle of 9 urad to convolute with
the 9 urad positron beam divergence.

Source size (v x h) 0.175 x 0.6 mm2

Source divergence^ x h) 25 x 50urad2

(« SxlOarcsec2 )

Beam size and divergence at sample (2a) for
the ID line with no focusing
Beam Size (v x h) 1.4 x 32 mm2

Beam Divergence 25 x 50 urad2

(=> SxlOarcsec2 )



The beam size (2a) expected at the sample for
the ID line with 2:1 demagnification focusing
in the vertical and sagittal directions is
estimated by allowing for 0.2 mm vertical
contribution from figure errors in the two
mirror elements and for a 0.2 mm sagittal
contribution from distortions in the sagittal
focused monochromator crystal. We get by
quadrature addition

Beam Size (v x h) -022 x 036 mm2

Beam Divergence (v x h) 50 x 100 urad2

(• lOxMarcsec2 )

For 3:1 demagnification focusing, the beam
sizes are only slightly smaller, but the beam
divergences will be - 15 x 30 arcsec2-

Vertical and Horizontal Beam Parameters (2a)
for the BM line

Source size (v x h) 0.22 x 0.22 mm2

Source divergence (v x h) 15 arcsec x 6 mrad
(1/Y= 73 urad =15 arcsec)

(The BM beam divergencr « ~J~\ if / where

Ec = 19.5 KeV, is a slowly varying function)

Beam size and divergence (2a) at sample
(51 m) for the BM line with no focusing

Beam Size (v x h) 3.7x235mm2

Beam Divergence (v x h) 15 arcsec x 6 mrad

Estimated beam size and divergence at
sample (2a) for the BM line with nominal 1:1
demagnification focusing in the vertical and
sagittal directions, allowing for a 0.2 mm
vertical contribution from figure errors in the
two mirror elements and an ~ 1 mm sagittal
contribution from distortions in the sagittaly
focused monochromator crystal.

Beam Size (v x h)
Beam Divergence (vxh)

025x1 mm2

15 arcsec x 6 mrad

Optical Performance Requirements

Mirror and monochromator requirements for ID
and BM lines as determined by present mirror
technology and the desired stability.

ID line mirrors
300x20mm2 (length x width)
Rhodium coated
< 2 A rms surface roughness (over 3 mm trace)
<0.7 arcsec figure error
80 % reflectivity to 20 KeV (two reflections)

BM line mirrors
1500 x 125 mm2 (length x width)
Rhodium coated
< 2 A rms surface roughness (over 3 mm trace)
<0.7 arcsec rms figure error
80 % reflectivity to 20 KeV (two reflections)

ID and BM line Mirrors and Monochromators
<20 uxn position stability and reproducibility

per day and <50 urn per week
<0.3 arcsec angular stability and

reproducibility
<0.3 arcsec (vertical tilt) thermal stability
of mirrors and second monochromator crystals

Rationale for Chosen Optical Design

The choice of a crystal monochromator, a
sagittal focusing second monochromator
element, and the choice of double vertically
focusing mirrors represent the significant
optical elements that are at the discretion of
UNICAT.

For the scientific program of UNI-CAT
investigators, crystal monochromators are
required to obtain the desired energy resolution,
as opposed to multilayers, which would
provide higher flux with unacceptably wider
band width and angular divergence.

We have chosen to use sagittaly focusing
monochromators rather than Kirkpatrick-Baez
crossed mirrors (for the ID line) in part because
of the success of the X-14 sagittaly focusing
monochromator and because of the additional
loss of photons associated with the extra pair
of mirrors that would be associated with the
mirror horizontal focusing. This would be
especially important at the higher energies.
Kirkpatrick-Baez mirrors represent a fallback
position for the ID beam line if difficulties are
encountered in achieving a sagittaly focusing



second crystal with the monochromator design
that is dictated by solution of the heat load
problem. For the BM line there is no possibility
of using a mirror in the horizontal plane
because of the ~ 15 cm beam width and 6 mrad
divergence.

The choice of double mirrors rather than single
mirrors was driven by the sizable movement in
the beam position and direction that would be
encountered with mirror angle changes if only a
single mirror were used. Our design requirement
is for the beam to remain fixed in direction and
position so that diffractometers in the hutch
can remain fixed; therefore double mirrors are
required for focusing and harmonic rejection.
Contingent on the ability to obtain the required
specifications at reasonable cost and effort,
rhodium is chosen rather than platinum in
order to avoid the L absorption of platinum at
x-ray higher energies (> 12 KeV). Rhodium
provides reasonable reflectivity to > 20 KeV.
For x-ray energies much above 20 KeV, mirror
use will be limited by absorption. For high-
energy cases in which a mirror is essential to
remove higher harmonics, this problem will be
handled as a development project for the
investigation in question, and, for instance, can

be addressed through the use of a special beam
conditioning mirror in the hutch.

For the EM line the mirrors are positioned
before the monochromator in order to minimize
mixing of the vertical focusing with the
relatively large sagittal focusing that is
required for the 6 mrad horizontal beam.
Because of the much smaller sagittal focusing
required for the ID line, this problem does not
arise for the ID line so the ID line mirrors are
placed after the monochromator. This
configuration avoids placing the high heat
load of the white ID beam on the mirrors.

Unpublished optical calculations by G. E. Ice
and C. J. Sparks indicate that true conical
bending (rather than a simple cylindrical bend)
of the monochromator crystal will be of
significance in achieving the best sagittal
focusing on the BM beam line. The focusing
considerations further show that a relative
minimum in the beam size is achieved for 1:1
demagnification when conical bending is used in
achieving sagittal focusing. Therefore, 1:1
demagnification focusing is chosen for the BM
line in order to minimize beam size without
increasing the horizontal angular divergence of
the beam.



E. SUCCESS OF OVERALL BEAM LINE DESIGN

Beam Line Elements Essential for the Success of
Scientific Program

The overall concept for the ID beam Line is to
provide a high x-ray flux, over a wide range of
energies, with low angular divergence while
maintaining a small beam size at the sample.
Although minimum required flux, brightness,
and brilliance values have not been established
for the scientific programs, the projected values
for the ID and BM beam line* will be compared
with measured values at the X-14 beam line
(presently operated by ORNL and UIUC) at
NSLS as one measure of a successful result

The beam sizes and angular divergences
possible are, in general, determined by the
properties of the undulator source; we have
chosen to make use of focusing geometry optics
with demagnifications in the range of - 2:1 - 3:
1 for the high-resolution diffraction and the
interface/surface scattering hutches. This
provides for projected beam areas at the sample
positions of < 0.25 mm2 and angular
divergences of < 20 (or 30) arcsec in both the
vertical and horizontal directions. Making use
of x-ray flux projections (Ref. 1, Fig. 6.7) of ~ 5 x
1014 photons/s /0.1% band width for type-A
undulators at 8 KeV in the first harmonic, we
estimate that the UNI-CAT undulator beam
line has the potential of producing ~ 6 x 10*3

photons/s with a 1.2 eV band pass. This is - 60
times more flux than is realized at the X-14
beam line at NSLS. In addition, the UNI-CAT
ID beam will have 40 times lower horizontal
divergence and a significantly smaller beam
size. This comparison uses a flux value
measured on X-14 at 8.3 KeV of =1012 photons / s
with 4 mrad horizontal divergence and 1:1
sagittal focusing (200 ma beam current). The
beam size achievable on X-14 was - 15 mm2

(1 mm x 1.5 mm vertical x horizontal).

The monochromator and the mirrors will not be
100% efficient, so the flux values obtainable
from the undulator line will, of course, be less
than that produced. However, assuming only
one-third of the radiation is realized, the

undulator line flux would still be 20 times that
at NSLS. Similar calculations for the BM line
project a potential flux of 1.2 x 10*3 photons/s
with 6 mrad focusing, of which we estimate
- 5 x 10l2photons/s will be passed by the
optics. This is 5 times the x-14 flux at 8 KeV
and the gain will be a significantly larger
factor for higher energies.

Although many experiments are flux limited to
some extent, the strength of the APS is the
high brightness and brilliance (1*. high flux at
low divergence and/or small beam size). The
factor of 40 reduction in horizontal divergence
is inherent in the radiation field of the
undulator insertion device, so significant
degradation in this parameter is not likely.
The use of collimating mode focusing (i.e.
parallel outgoing beam) in the optics will
produce even lower angular divergences beam
sizes that are only ~ 2 times larger than those
at X-14 under the best point focusing conditions.

The greater than five reduction in beam size
expected over that realized at X-14 of NSLS
represents realistic expectation of the optics, as
well as a value that will be appropriate for
the planned experiments. The < 025 mm2 beam
size is a rather conservatively stated number
compared to the (022 x 0.36 mm2 = 0.08 mm2)
size calculated directly from the beam size
projections listed in the Optical Objectives
section of Section D. Optical Design. Again, to
the extent that flux reductions can be tolerated,
aperturing within the hutch can be used to
obtain even smaller beam sizes with good
stability.

For energies higher than 10 KeV, the flux on
NSLS bending magnet lines drops rapidly and,
for instance, is an order of magnitude lower at
20 KeV than it is at 10 KeV. Therefore, even
though second or third harmonic radiation is
needed for energies above 13 KeV on the
undulator line, the decrease in flux is not as
large as that for bend magnet lines at NSLS.
Accordingly, the projected flux gains for
undulators are much more substantial at higher
energies.



Since the minimum beam dimension expected
using the undulator beam is - 0.25 mm, the use
of slits or pinholes within the hutch can be used
to ensure spatial stability of a beam position to
less than 10% (25 urn) of it's size for highly
critical experiments. Non-dispersive, channel
cut beam-conditioning crystal elements can be
used within the hutch to constrain the angular
direction of the beam to high precision as well.

Description of Beam Line Components
(see Fig. 1)

Beam Line Components: The beam lines and
hutche* of both the ID and BM facilities will
be designed and constructed following
guidelines and requirements supplied by the
APS regarding the dimensions and safety
related considerations that apply for the
white beam and monochromatic beam portions
of the beam lines. Whenever appropriate,
standard components that are supplied by
vendors meeting APS guidelines will be used.
Accordingly, dimensions of walls and tubing are
not specified in this conceptual design, btit it
should be assumed that safety and radiation
guidelines for construction will be met or
exceeded.

Beam Line Environment: The beam transport
environment of both the ID and BM beam lines
will be maintained under UHV conditions in
order to avoid contamination of the optical
components of the beam line. This vacuum will
be isolated from the APS ring vacuum by the Be
window supplied by the APS and will be
maintained by turbomoiecular and ion pumps.

1. ID Beam Line

Be Window: Last beam line component
provided by APS.

White Beam Filters; Filters designed after the
APS white beam filters to provide the
capability of limiting the heat load on the
monochromator for testing and for operation if
required for high resolution operation.

White Beam Slits: APS design cooled slits to
define the size of the white beam on the
monochromator.

ID Side Station Monochromator and Hutch:
The possibility of installing an additional
diffraction station receiving monochromatic
radiation from a thin beryllium or diamond
(Laue geometry) monochromator installed in
the white beam before the primary
monochromator is under consideration. This
monochromator and hutch is, at present, not
part of the proposal, but a possible
configuration is included to show use of this
area if such a station is desired. This facility
would be considered parasitic on the ILM or ID-
2 hutch use of the beam and would utilize a
double monochromator to accommodate
wavelength changes made by the primary
beam users. The beam would not be expected to
be of the quality obtained in ID-1,2, but
suitable for a significant amount of diffraction
work such as surface structure, which does not
always require high momentum and energy
resolution. These considerations are closely
following work at ESRF on such a diffraction
station, and it is understood that
monochromator cooling in the white beam will
be a significant problem.

Bremstrahlung Shield: Lead shield as required
to ensure elimination of (upstream generated)
Bremstrahlung from the positron beam.

Double Mirror with Vertical Focusing: A
double mirror arrangement (one flat and one
cylindrically bendable mirror) will be used to
focus the x-ray beam in the vertical plane and
provide harmonic rejection. Two mirrors are
used so that the beam direction and position of
diffractometers is not affected by the changing
of mirror angles to accommodate changing
wavelengths or reflection conditions.

Monochromatic Beam Slits: Vertical and
horizontal slits to define the monochromatic
beam after mirrors.

Primary Monochromator: Sagittaly focusing
high heat-load monochromator as designed (or
recommended) by APS. The second crystal will
be bendable in order to provide horizontal
(sagittal) focusing of the beam.

Monochromatic Beam Slits: Vertical and
horizontal slits to define the beam after the
monochromator.

10



Beam Monitor: TV screen and photoelectron
driven beam monitor for diagnostics of beam
passing monochromator and slits.

Monochromatic Beam Shutter: Safety
interlocked, double shutter for eliminating x-
ray beam from the hutch area during
experimental access.

Beam Monitor: TV screen and photoclectron
driven beam monitor for diagnostics of beam
passing mirror and mirror slits.

High Resolution Scattering Hutch: ID-1 hutch
for high-resolution diffraction and energy-
resolved scattering.

Beam Conditioning Chamber (inside hutch):
Helium fillable chamber for positioning beam
conditioning devices such as polarizers, high
resolution monochromators, special mirrors,
apertures, filter assemblies, etc.)

Six-Circle Diffractometer: Six-circle
diffractometer with provisions for high
resolution diffracted beam energy analysis.
The diffractometer will be fully automated and
mounted on a precision support table with both
rotation and translation motions. The detector
arm will include capabilities for (lightweight)
extension of the length to more than 2 m to
accommodate high momentum-resolution and
high energy-resolution measurements. A near
backscattering spherically focusing analyzer
will be available for meV resolution using the
extended detector arm. Appropriate solid
state, proportional, position sensitive, and time
resolving detectors will be available to carry
out the scientific programs planned.

Beam Transport Insert (inside ID-1 hutch, not
shown): A removable, interlocked beam pipe
transport insert will be used to propagate the
monochromatic beam to the (ID-2)
Surface/Interface hutch so that occupancy of
the high-resolution hutch is possible if desired
during use of the Surface/Interface hutch.

Monochromatic Beam Shutter: Safety
interlocked, double shutter for eliminating x-
ray beam from the ID-2 hutch area during
experimental access and during use of ID-1
hutch.

Surface/Interface Scattering Hutch: Hutch
containing UHV scattering chamber for in situ
investigation of surfaces and interfaces.

Beam Conditioning Chamber (inside hutch):
He fillable chamber for positioning beam
conditioning devices such as polarizers, high
resolution monochromators, special mirrors,
etc.)

Six-Circle Diffractometer: Diffractometer
with UHV/MBE scattering chamber and six
angular degrees of freedom to accommodate
surface diffraction. The diffractometer and
UHV/MBE chamber will be supported on a
precision slide and a precision motorized table
for full orientation and translation motion. The
UHV/MBE scattering chamber will contain
RHEED and AES analysis capabilities, a gas
handling system for CVD growth, and a sample
transfer and airlock system.

2. BM Beam line

Be Window: Last beam line component
provided by APS.

White Beam Slits: Slits to define the size of
the white beam on the monochromator.

Primary Monochromator: Sagittaly focusing
monochromator in which the second crystal
will be bendable in order to provide horizontal
focusing of the beam.

Bremstrahlung Shield: Lead shield as required
to ensure elimination of upstream generated
Bremstrahlung from the positron beam.

Monochromatic Beam Slits: Vertical and
horizontal slits to define the monochromatic
beam after monochromator.

Beam Monitor: TV screen and photoelectron
driven beam monitor for diagnostics of beam
passing monochromator and slits.

Double Mirror with Vertical Focusing: A
double mirror arrangement (one flat and one
cylindrically bendable mirror) will be used to
focus the x-ray beam in the vertical plane and
provide harmonic rejection. Two mirrors are
used so that the beam direction and position of
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diffractometers is not affected by the changing
of mirror angles to accommodate changing
wavelengths.

Monochromatic Beam Slits: Vertical and
horizontal slits to define the beam after the
monochromator.

Beam Monitor: TV screen and photoelectron
driven beam monitor for diagnostics of beam
passing monochromator and slits.

Monochromatic Beam Shutter: Safety
interlocked, double shutter for eliminating x-
ray beam from the hutch area during
experimental access.

Absorption Spectroscopy Hutch: BM-1 hutch
for EXAFS/XANES experiments.

Beam Conditioning Chamber (inside hutch):
He tillable chamber for positioning beam
conditioning devices such as polarizers, high
resolution monochromators, special mirrors,
etc.)

Absorption Spectroscopy Instrumentation:
Sealed and flow through ion chambers, gas
fluorescence detectors, large and small area Ge
detectors, and electron/ion yield detectors, gas
environment capabilities, exhaust system,
precision motorized table, and optical rails.

Beam Transport Insert (not shown): A
removable, interlocked beam pipe transport

insert will be used to propagate the
monochromatic beam to the Diffuse Scattering
(BM-2) hutch so that occupancy of the
Absorption Spectroscopy Hutch can be made if
desired during use of the Diffuse Scattering
hutch.

Monochromatic Beam Shutter: Safety
interlocked, double shutter for eliminating x-
ray beam from the BM-2 hutch area during
experimental access and during use of BM-1
hutch.

Diffuse Scattering Hutch: Hutch for general
scattering and low resolution diffuse scattering.

Beam Conditioning Chamber (inside hutch):
Helium fillable chamber for positioning beam
conditioning devices such as polarizers, high
resolution monochromators, special mirrors,
etc.)

Six-Circle Diffractometer: Six-circle
diffractometer for general diffraction and low
resolution diffuse scattering measurements. The
diffractometer will be fully automated and
mounted on a precision support table with both
rotation and translation motions. Appropriate
solid state, proportional, and position sensitive
detectors will be available to carry out the
scientific programs planned.
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F. RESEARCH AND DEVELOPMENT REQUIREMENTS

Sagittal Focusing Monochromator

The sagittal focusing second crystals for the
monochromators of both the ID *nd BM beam
lines are presently treated as development
items. It is likely that there will be interest in
such devices from the APS (at least for the ID
device) or from other CATs, and it is possible
that a vendor can be found for one (or both) of
these devices. In principle, they can be
developed in projects involving only UNI-CAT
investigators; however, this will be
undertaken only if other options do not
materialize.

C. J. Sparks and G. E. Ice of the ORNL group
have both expertise and experience in the
design, fabrication, and operation of sagittal
focusing crystal opiics for bend magnet sources
as a result of their conception and development
of the sagittal focusing monochromator on the
X-14 beam line at NSLS. The X-14
monochromator has been singularly successful
even though it was the first of its kind.
Although the bend magnet beam at the APS
will be wider than the present beam on the X-
14 beam line, a larger ribbed silicon crystal has
been successfully fabricated for a possible
expansion of the X-14 beam. We believe this
demonstrates that a sagittaly focusing
monochromator can be developed for the bend
magnet line at APS, and within UNI-CAT if
necessary.

The Type-A undulator on the ID beam line
delivers an - 10 arcsec horizontal divergence
beam. At 45 m from the source, this corresponds
to a beam of width approximately 2.25 mm. If
a first optical element monochromator crystal
with flat geometry is available as an option,
the development of a sagittal focusing second
monochromator crystal will be relatively
straightforward in the sense that a crystal
with a single rib on either edge can be used to
minimize anticlastic bending. This is shown
schematically in Fig. 2; sagittal bending of such
a monolithic silicon crystal can be developed
utilizing an inchworm or piezoelectric expander
technique delivering force directly to the ribs.

If the first optical element is an inclined
crystal to distribute the heat load and direct
the heat gradient in a direction nearly
perpendicular to the diffracting planes, the
second crystal will be several centimeters in
width. However, as discussed in the preprint^
by Ice and Sparks (see Appendix) and shown
schematically in Fig. 5, bending of the second
inclined crystal leads to the desired sagittal
focusing as well. The bending of a wider
(inclined) c ystal may be a somewhat greater
technical problem than the bending of the
second crystal for the bend magnet
monochromator. It is anticipated that such a
development will be undertaken by the APS if
inclined crystals become the method of dealing
with the high heat loading. If necessary this
can be developed within UNI-CAT. A fallback
position to bending the inclined crystal would
be to install a second (two-crystal) non-inclined
mcnochromator after the inclined
monochromator crystals for sagittal focusing.
This is not particularly attractive, but
represents a possible alternative.

Circular Polarization Beam Conditioner

Fabrication and testing of (Laue-Bragg
geometry) transmission and (Bragg geometry)
channel-cut polarization conditioners will be
undertaken by investigators within UNI-CAT
using the principles described by Mills®. This
development has been discussed in Section B.
Choice of Insertion Device relative to the ID
beam line polarization. It is anticipated that
such a development will be undertaken by other
CATs interested in magnetic scattering as well,
and any such developments will be followed or
carried out in a collaborative manner. UNI-
CAT investigators interested in magnetic
scattering will use the X-14 beam line at NSLS
for development and testing of these devices, so
that Laue-Bragg (higher energies) and Bragg
(lower energies) type circular polarizers can be
fabricated, tested, and optimized for
wavelength ranges of particular interest.
Figure 6 shows a schematic drawing of the
Laue-Bragg geometry polarizer.
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The ability of the sagittal focusing
monochromator and the vertical focusing mirror
to operate in the collimaring mode will be
important for these polarizing devices. Since
the plane of diffraction for these devices is 45
degrees with respect to both the vertical and
sagittal planes, optimal circularly polarized
flux from these devices will be achieved for
small divergences in both the vertical and
horizontal directions.

100 Millivolt Resolution Beam Conditioner

The production of a - 100 meV resolution x-ray
beam on the ID beam line will be carried out
using channel-cut silicon crystals, either in
dispersive or nondispersive modes. A forward
scattered incident beam will be sought in this
development in order to avoid the complication
of a near-back-reflection monochromator that
would be required for resolution in the few meV
range®. Nested combinations of asymmetric
and symmetric channel-cut crystals, as shown
schematically in Fig. 7 have been developed in
connection with resonant nuclear scattering^)
that achieve - 15 meV resolution while
accepting a few arcsecond angular range.

Resolution of - 100 meV can be achieved u?;n^
ordinary channel-cut crystals in either
dispersive or non-dispersive geometry.
Development of the most efficient
monochromators and analyzer systems will use
numerical diffraction calculations and
experimental verification to find optimal
configurations as a function of energy resolution.
These developments will center on wavelengths
that can be accommodated by spherically
focused near back-reflection analyzer crystals
of either Si or LiF. R. O. Simmons of UIUC is
presently on sabbatical with J. Peisl and E.
Burkel of the University of Munich,
concentrating on this area. Work will rely
closely on developments made for spectrometers
at DESY, ESRF, and the SRI-CAT at the APS.

Nanovolt Resolution Beam Conditioner

Nanovolt resolution x-ray spectroscopy is under
development by J. Z. Tischler and B. C. Larson
of ORNL, and 57Fe2Q3 resonant monochromator
techniques have been the focus of a basic

research and development program at ORNL.
Work has been carried out using CHESS and
NSLS on bending magnet, wiggler, and
undulator beam lines. The combination of time-
rtsolved detectors and diffraction from the
electronically forbidden, nuclear resonant 777
reflection has been used to produce resonant
beams of 1600/s on the dedicated undulator run
at CHESS using an (epitaxial) - 15 arcsec
mosaic 57Fe2O3 crystal. Resonant beams
> lOVs are expected for more perfect 57Fe2Q}
monochromators and a type-A undulator on the
APS. 57Fe2Qj crystals with - 2 arcsec can be
grown in bulk, and the ORNL group will pursue
bulk crystal growth as well as further growth
and annealing of epitaxial crystals to provide a
monochromator with a line width
commensurate with the angular widths of the
APS undulator. Development work at the ESRF
will be followed and work will be carried out in
collaboration with the SRI-CAT at the APS.

The use of nearly perfect S7Fe2C>3 crystals and
~ 2 arcsec divergence of an undulator will
require monitoring and control of the direction
of the undulator beam and the orientation of
the ^7Fe2Qj monochromator crystal with
similar precision in order to avoid changes in
the resonant energy spectrum. These aspects
will be addressed with the development of
feedback monitoring and control mechanisms
utilizing mirror steering of the incident beam.
Techniques using lasers have been developed by
0. van Burck*6) of the Technical University of
Munich to keep relative orientations of crystals
within ar arcsec for times - one month, and
such laser monitoring techniques will be
employed if required.

The resonant beam from the 777 57Fe2Q3
reflection will be made incident on the sample
position of the six-circle diffractometer by
mounting the 57Fe2C»3 crystal on the base plate
of the diffractometer. This technique has
already been used on neV experiments on the
F-2 beam line at CHESS.

Coherent Diffraction

Techniques for aperturing the ID beam will be
pursued by UNI-CAT personnel in order to
develop capabilities for limiting diffraction
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from within the coherence volume of the beam. resolution two-dimensional position sensitive
The required energy resolution can be obtained detectors will be evaluated for low noise data
by the primary monochromator or beam collection,
conditioning elements in the hutch. High
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DM. Mills / Phase-plate performance 533

Possible Outgoing Polorization

Axis of
Rotation for

Brogg
Anglt

Axis Of Rotation
for Polarization
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Incoming Lintor
Polarization

Fig. 2. Schematic of the Laue-Bragg monolith used in this study. Rather than having the planes parallel to the incident polarization
vector at 0 - 0 , the planes rotated about the polarization angle axis with respect to the incident polarization vector by 45 ° For a
fixed Laue crystal thickness, the output polarization can be varied by changing the diffracted beam's energy, i.e. by changing 9.

Outgoing polarizations can include horizontally, vertically or eUiptically polarized radiation.
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