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1   Overview

This document represents the final design report for the technical components planned for use on the insertion device beamline of the Material Research Collaborative Access Team.  During the initial phase of 

operation, MRCAT will not construct a bending magnet beamline.  The bending magnet beamline will be constructed as funding becomes available, at which time a new final design report for the bending magnet beamline will be submitted.

1.1   Scientific Objective

The focus of research in MRCAT is in-situ studies of complex materials.  In particular, we plan studies of systems undergoing structural or magnetic phase transformations, disordered systems such as alloys and 

amorphous materials, organic thin films and self-assembled systems, magnetic materials, fluids (particularly near interfaces), catalysts (particularly in high-temperature and pressure reaction cells), polymers, and many other condensed-matter systems. Although these areas are diverse, they can be probed with similar techniques and apparatus.  For many of these studies, we will use standard techniques, including high-q-resolution scattering, reflectivity, and different forms of x-ray absorption spectroscopy.  A major goal of the CAT is to use many complementary techniques for the studies of these systems.  Different experiments will demand different variations on the standard techniques.  For example, the work on phase transitions will require time resolution ranging from hours to milliseconds.  For many measurements - in particular those involving single crystallites - we will need 1-10 micron spatial resolution.  Even for studies of the same sample, we will often need to have both high-q resolution and high spatial resolution x-rays on the sample, and the beamline design must allow the optimization of either a small focused spot or a highly collimated beam.  The work on 2-D systems and confined liquids will be best served by having a nearly parallel beam in the plane of the sample (for high q) and a focused beam in the vertical direction.  Because spectroscopy techniques are important for many of these projects, we demand monochromators that are well-suited to energy scanning.  In particular, it is very desirable to allow for slew scanning instead of step scanning as most monochromators are presently configured.  This puts limits on the design of fixed-exit feedback monochromators.  For very fast "quick scan" spectroscopy, we desire scan rates of approximately 10-50 eV/sec over a 500-1000 eV band. Finally, much of the research will involve samples inside high-temperature and/or controlled atmosphere cells.  

1.2   Rational for the Choice of Insertion Device
The Insertion Device beamline configuration is based on the proposed Undulator A as described in ANL/APS/TB-17, "Undulator A Characteristics and Specifications: Enhanced Capabilities".  We have evaluated both Wiggler A and Undulator A.  Since the ID line will be used both for experiments requiring high q-space resolution (Phase I) or high r-space resolution (Phase II) over a continuous energy range, with a tunable, high-brilliance source, the undulator represents the best choice.  

2
Sector Layout and ID Beamline

2.1
Sector Layout
It has been the policy of the MRCAT to make use of APS-designed beamline components wherever feasible.  The ID beamline described in this section was designed and preliminary cost estimates were generated according to this policy.  When an APS component is to be used, it will be identified by the APS design exchange descriptor.  In the case of a beamline component based on an APS design, the APS descriptor will be used followed by a /MOD suffix, and the design modifications will be described in the text.  In addition, assembly drawings will be included for all modified drawings.  In the case of the monochromator mechanisms and mirrors, the source, specifications, and appropriate assembly drawings will be presented.  

The MRCAT sector layout is shown in Figure 2.1, with egress aisles labeled in accordance with the Life Safety Code [ANL/APS/TB-9].  The sector layout indicates potential storage areas, gas cylinder mounting, electronic rack, and work stations.  The sector area for the bending magnet beamline has been left clear of ID beamline equipment to facilitate future construction.

The survey and alignment of all beamline components and in particular the bremsstrahlung shielding will be accomplished as described in the APS Technical Update No. 6, "Experimental Hall Surveying Reference", which will be contained in ANL/APS/TB-14, "APS Beamline Design and Construction Requirements: A reference manual for Designers and Builders".  MRCAT will use the survey and alignment services of the APS during the installation phase for all components which are part of the Personnel Protection System.

2.2  Insertion Device Beamline

2.2.1
ID Beamline Layout
The mission of the Insertion Device beamline is to provide a facility for both high q-space resolution and high r-space resolution X-ray experiments.  This beamline will be constructed in three phases: Phase I will be the construction and commissioning of a relatively simple, high brilliance beamline with no focusing optics; Phase II will be the construction and commissioning of a focusing optics capability; Phase III will be the construction and commissioning of multilayer devices.  By addressing the construction project in three distinct phases, we can have an operational facility quite early, while developing capabilities that will become necessary to the CAT scientific objectives as progress is made.

Phase  I:   The Phase I ID beamline shown in Figure 2.2 has been designed for monochromatic operation between 5.0 keV to 20.0 keV, with an energy resolution requirement (DE/E) of 1.3x10-4.  The initial monochromator optics will be liquid nitrogen-cooled silicon (111) crystals.  The required experimental energy range will necessitate the use of the fundamental and the third harmonic of the Undulator A as described in ANL/APS/TB-17.  For very fast "quick scan" spectroscopy, we desire scan rates of approximately 10-50 eV/sec over a 500-1000 eV band, thus requiring the capability of tuning the undulator at these rates.  The Phase I beamline consists of three radiation shielded regions:

1)
First Optical Enclosure (FOE)


(10-ID-A)

2)
Monochromatic Beam Transport

3)
Monochromatic Experimental Station

(10-ID-B)

The radiation shielding considerations for each of these regions are discussed in the Safety Specifications in Section 3.  

Phase II:   The Phase II ID beamline show in Figure 2.3 has been designed for the identical scientific mission as the Phase I beamline, but with an added focusing capability.  The focusing option to be implemented in the second phase of operation will be accomplished by using a pair of dynamically bent grazing incidence mirrors in a Kirk Patrick-Baez (KB) geometry.   The KB mirror pair will provide independent focusing in either the horizontal or vertical planes.  The placement of the two mirrors was to facilitate theoretical geometric demagnification factors of 8:1 in the horizontal and 12.5:1 in the vertical.  The location and geometric demagnification factors of the mirrors result in theoretical s convergence angles of 118 mrad in the vertical and 184 mrad in the horizontal.  The KB mirrors will result in a deflection of the beam trajectory of approximately 2.4 cm outboard in the horizontal and 1.6 cm above the orbital plane in the vertical.  

The Phase II beamline will require 3 additional administratively controlled radiation regions: 

1)
Shielded slit cabinet

2)
Shielded horizontal mirror cabinet

3)
Shielded vertical mirror cabinet

The shielding considerations for these regions are discussed in the Safety Specifications in Section 3.  

Phase III:   The MRCAT ID beamline has a future upgrade path to a wide band-pass mode of operation.  The Phase III ID beamline will incorporate multilayer devices in the FOE.  The double multilayer device will be designed to incorporate a 35 mm offset between the incident and reflected beams to minimize future retrofits of the beamline hardware.

The ID beamline has been designed to require a minimal amount of retrofitting to implement operational Phases II and III.  The three main objectives for the Phase I design are as follows:  

· The length the FOE (10-ID-A) is sufficient to allow the incorporation of the Phase III multilayer device.  

· The space set aside in 10-ID-A for the Phase III multilayer device is sufficient to allow for a design which can incorporate a 35 mm offset between the incident white-beam and the reflected wide bandpass-beam.  This design philosophy will preserve the bremsstrahlung collimation implemented in Phase II.

· The synchrotron radiation and bremsstrahlung shielding have been designed to handle the Phase III wide energy bandpass.  This approach will eliminate the need to retrofit the beamline shielding.

2.2.2   ID Beamline Utility Layout 

The utility layout for 10-ID is shown in Figure. 2.4.  Chilled water, compressed air, clean and dirty electrical power will be provided to the FOE and the Experimental Hutch.  Distilled water will be provided by a closed loop chiller located on the roof of the FOE.  The air and water  distribution system will be terminated with quick disconnect couplings to facilitate equipment hookups and minimize undesired leakage.

2.2.3   Vacuum
MRCAT would like to keep open the option of windowless operation on the ID.  Therefore, the ID beamline has been designed to be UHV compatible, but the initial operation of the ID beamline will be HV compatible.  We have made the decision to begin operations as a HV beamline to reduce the requirements on the vacuum system.  The beamline may be upgraded to a UHV designation once the operational vacuum system has been studied.

Each of the major beamline components can be vacuum isolated from the rest of the beamline by use of gate valves located upstream and downstream of the components.  The beamline vacuum pumps will be 220 l/sec in-line ion pumps.  Roughing/vacuum gauging stations are located along the beamline to allow an isolated vacuum region to be roughed down by a mobile turbo pump system.  The vacuum in each of the isolated vacuum regions will be monitored and be part of the beamline Equipment Protection System.  The ID beamline can be divided into three vacuum regions: 

1)   10-ID-A:   During initial operation, the ID beamline will be vacuum isolated from the storage ring by the APS-provided commissioning window.  If the ID beamline has a future windowless operation phase, we will implement whatever measures are required by the APS to ensure the vacuum integrity of the storage ring.  The large flange of the monochromator assembly (Appendix A) is sealed by a Viton o-ring.  We expect the operation pressure of the monochromator to reach mid 10-7 torr.  

2)   Monochromatic Beam Transport:   The monochromatic beam transport region does not have any components along its length that can be hit by the x-ray beam.  Vacuum calculations indicate that we can maintain a pressure of 1 X 10-7 torr along the length of the vacuum transport sections with the pumping configurations shown in Figures 2.2 and 2.3.

3)   Mirror Enclosure:   The vacuum in this region will be maintained in the mid 10-8 torr range to extend the lifetime of the mirror coatings.  The Ion pumps used on the mirror boxes will be equipped with sublimation elements to provide an increased pumping capacity.

2.2.4
ID beamline components
The following description of beamline components is based on our current knowledge of the APS designs.  It is understood that modifications to the APS and APS/mod designs are still possible prior to the final design review.  The following discussion is based on the implementation of the Phase II ID beamline.

2.2.4.1  Commissioning Window Assembly:   During initial operation the APS installed commissioning window W-91 and 4.5 mm by 4.5 mm fixed mask L5-83 will be used without modification as shown in Figure 2.3.  We are concerned with the potential small angle scattering that may result from a Be window.  We will require that this Be window be polished and request that information as to the fabrication procedure be supplied.  We would request that this assembly be left in place until we are ready (or required) to proceed to windowless operation.

2.2.4.2  Filter Assembly:   An APS-designed F2-30 twin filter stack assembly which was designed to handle the raw undulator beam will be located without modification 26.5 meters from the source as shown in Figure 2.3.

2.2.4.3  Bremsstrahlung Collimator:   An APS-designed K1 tungsten bremsstrahlung collimator will be installed without modification 27 meters from the source as shown in Figure 2.3.

2.2.4.4   Fixed Mask:   A water cooled fixed mask will be used to define the beam incident on the first monochromator crystal.  The fixed mask is similar to the BESSRC design with a vertical aperture of 1.3 mm and a horizontal aperture of 2.6 mm.  The fixed mast is located 27.5 meters from the source as shown in Figure 2.3. 

2.2.4.5  White Beam Slits:   An APS-designed horizontal and vertical L5-81 slit configuration with a fixed mask L5-83 will be located 28 meters from the source as shown in Figure 2.3.  An L5-83 fixed mask will be used in anticipation of windowless operation.

2.2.4.6  Monochromator:   The ID monochromator is located 30.5 meters from the source. The monochromator is based on the Vacuum Generators goniometer designed and developed by the Synchrotron Radiation Source at Daresbury Laboratory (UK). (A complete description of this component is included in Appendix A).  The monochromator goniometer is designed to provide a stable, high energy resolution, monochromatic beam with a capability to perform spectroscopy measurements.  The general specifications for the goniometer are given in Table  2.1

Table 2.1  Monochromator Goniometer Specifications

Bragg angle accuracy
  ±1.7   µrad 

Radial runout
     <5   µm

Angular runout
±14.5   µrad

Load capacity
     60    kG

Theta speed
      >1  /sec

The crystal mounting mechanism that will provide a fixed 35 mm offset between the incident white beam and the diffracted monochromatic beam will be based on the design developed by Gerd Rosenbaum for the SBC monochromator (Appendix B).  During initial operation, liquid nitrogen-cooled silicon (111) crystals will be used.  This will give a dynamic energy range from 6 to 20 keV with an intrinsic energy resolution (DE/E) of 1.3 x 10-4.  A detailed description of the ID monochromator can be found in Section 7 of this document.

2.2.4.7  Modified Integral Beam stop/shutter:   A modified integral beam stop/shutter mechanism will be located 32 meters from the source as shown in Figure 2.3.  The APS-designed P5-20 has been modified to accommodate a downward-deflecting monochromatic beam.  The design modifications were discussed with  Dr. Deming Shu of the APS as to maintaining the integrity of the original design philosophy and safety mechanisms.  An assembly drawing of the P5-20/mod is shown in Figure 7.1.  The design modifications are discussed in section 7 " Research and Development".

2.2.4.8  Monochromatic Shielded Beam Pipe:   The beam transport shielding is a non-integral design developed by Gerd Rosenbaum for SBC.

2.2.4.9  Monochromatic ID Slits:   An APS-designed horizontal and vertical L2-20 slit configuration will be installed without modification 45.5 meters from the source as shown in Figure 2.3.

2.2.4.10  Bremsstrahlung Collimator:   An APS-designed K1 tungsten bremsstrahlung collimator will be installed without modification 46.0 meters from the source as shown in Figure 2.3.  

2.2.4.11  Beam Position Monitor:   A beryllium wire beam position monitor as will be located upstream of the focusing mirrors as shown in Figure 2.3.  This device will be installed in the second phase of operation.  The device is described in Appendix C.  

2.2.4.12  Horizontal Focusing Mirror:   A platinum-coated poly-silicon mirror for horizontal focusing will be installed as shown in Figure 2.3 at 51 meters from the source.  The surface of this mirror will be adjustable by incorporation of an elliptical bending mechanism, allowing for variable focal planes.  The mirror specifications are shown in Table 2.2.


Table 2.2     Horizontal Mirror Specifications

Length
1.0       m


Width
0.08     m

Substrate
Polysilicon

Coating
Pt

RMS Roughness
<5        Angstroms

RMS Form Error
<2        µrad

Radius of Curvature
~1km - flat

The mirror stand will have motorized coarse adjustments to position the chamber during initial alignment to an accuracy of ±0.25mm.  The mirror and its carriage will rest on a kinematic three-point mount within the vacuum vessel on motorized, encoded feedthrough actuators with positioning accuracy of 0.1 mm, providing adjustment for theta (pitch), chi (roll), and along the surface normal of the mirror. 

2.2.3.13 Vertical Focusing Mirror:   A platinum-coated mirror for vertical focusing will be installed as shown in Figure 2.3 at 48.5 meters from the source.  This mirror will be preformed to an ellipse, focusing the beam at 53  meters.  The mirror specifications are shown in Table 2.3.


Table 2.3     Vertical Mirror Specifications
Length
0.6       m

Width
0.08     m

Substrate
Polysilicon

Coating
Pt

RMS Roughness
<5        Angstroms

RMS Form Error
<2        µrad

Radius of Curvature
~1km - flat

The mirror stand will have motorized coarse adjustments to position the chamber during initial alignment to an accuracy of ±0.25mm.  The mirror and its carriage will rest on a kinematic three-point mount within the vacuum vessel on motorized, encoded feedthrough actuators with positioning accuracy of 0.1 mm, providing adjustment for theta (pitch), chi (roll), and along the surface normal of the mirror. 

2.2.4.14 Beryllium Exit Window:   The last component in the ID beamline is a monochromatic beryllium exit window.  The ID exit window has been designed for use as a diagnostic component and is discussed in detail in Section 7.  The dual window arrangement has been designed to incorporate the planned phased commissioning of the beamline.  The vertical widow can be used in monochromatic unfocused mode or in conjunction with the vertical focusing mirror.  The horizontal window will be used when the beamline focusing optics have matured and the horizontal focusing mirror has been commissioned.  This Be window will need to be polished as per the commissioning window.

3
Safety Specifications

3.1
Radiation Shielding
3.1.1
Overview
The Phase I and II ID beamline will be restricted to monochromatic operation downstream of the monochromator.  The shielding of the radiation regions will be designed to handle the Phase III wide bandpass (DE/E ~1%) multilayer device.  The work presented in ANL/APS/TB-21, "Radiation Shielding of Insertion-Device Beamlines Using a Mirror as the First Optical Element" indicates that a 1% bandpass beamline can be shielded as per the monochromatic shielding requirements described in ANL/APS/TB-7, "Guide to Beamline Radiation Shielding Design at the Advanced Photon Source".  The enclosures described in this section will be purchased through the APS multiple procurement contract for the SRICAT enclosures. 

3.1.2
Insertion Device Beamline

The  ID beamline consists of two operational radiation enclosures: 

10-ID-A:   The radiation shielding for the first optical enclosure will be designed  as an APS-standard ID FOE.  Shielding verification of a modified version of 2-ID-A has been completed.

10-ID-B:   The radiation shielding for the experimental station will be designed as an APS-standard monochromatic end station.  Shielding verification of the ID monochromatic end-station has been completed.

The ID beamline has two types of administratively controlled monochromatic radiation regions:

Monochromatic Transport:   Monochromatic shielded beam transport segments connects the first optical element enclosure 10-ID-A and the downstream slit cabinets.  The beam transport shielding has been accomplished as per the designs presented for use on the SBC-CAT beamlines.  The shielding has been accomplished by a non-integral coffin design as shown in figures 3.1 and 3.2.  

Component Cabinets:   The beamline components not contained in an operational radiation enclosure will be shielded by a stand alone component cabinet, these components are: the monochromatic slit (L2) cabinet, the horizontally focusing mirror cabinet and the vertically focusing mirror cabinet. These cabinets will be similar in design to the APS designed "U6 ID Shielded Cabinet L2 & P8 Shutter & Slit Assembly" (drawing 

number P4105090606-600000-00.  The APS design has swinging doors on either side of the cabinet to allow for access, as well as a roof labyrinth.  Access to all of the cabinets will be administratively controlled.

3.2    Bremsstrahlung Shielding
The ID beamline was designed for monochromatic or wide bandpass (1%) operation with a 35 mm offset between the incident white beam and the diffracted beam in each case.  The primary bremsstrahlung shielding will be accomplished by the fixed safety stop in the P5-20/mod Integral beam stop/shutter.  The secondary Bremsstrahlung is shielded by using APS-designed K1 Tungsten collimators positioned downstream of potential secondary Bremsstrahlung sources.  The location and aperture of the ID bremsstrahlung components for Phases I and II are shown in Table 3.1.  The ray tracing diagrams shown in Figures 3.3 and 3.4 indicate that the primary and secondary bremsstrahlung is contained in the FOE and does not propagate beyond the fixed safety stop in the P5-20/mod Integral beam stop/shutter.  The ray tracing diagrams for the synchrotron radiation shown in Figures 3.5 and 3.6 indicate that the white beam is not allowed to propagate past the P5 shutter.

Table 3.1.
ID Bremsstrahlung component location and apertures.

	Component
	Location (m)
	Horizontal Aperture (mm)
	Horizontal Offset Inboard (mm)
	Vertical Aperture (mm)
	Vertical Offset (mm)

	K1
	27.5
	67
	5
	26
	0

	P5
	35.0
	67
	5
	18
	35


3.3
Ozone Mitigation
The ID beamline does not have a white beam open air path but will have a monochromatic or a wide band pass (1%) open air path in the experimental hutch (10-ID-B).  The problem of Ozone production will be 

handled following the recommendations in the "Guidelines for Ozone Mitigation at the APS" (May 1994).  The radiation enclosures will be equipped with appropriate ventilation/exhaust systems using activated charcoal filters vented directly onto the experimental floor.

3.4    Beamline Control System
The primary functions of the Beamline Control System (BCS) are data acquisition, experimental equipment control, monochromator control, and diagnostic equipment control.  The BCS will not have direct control over beamline devices such as shutters and gate valves.  The BCS will be based on an EPICS control system and implemented using VME crates.  A BCS implemented using EPICS can not be designed as an equipment protection system, but a method for communication with the Equipment Protection System (EPS) must be available.  A possible solution to the communication problem between an EPICS system and an EPS as described in 3.5.2 is the use of serial or parallel connections.  MRCAT is in collaboration with IMCACAT in the development of an EPICS based BCS and is active in the beamline controls sub-group of the Inter-CAT Technical Working Group.

3.5      Equipment Protection System

3.5.1
Overview
The primary purpose of the Equipment Protection System (EPS) is to ensure the safe use of the individual beamline components.  The EPS monitors a variety of sensors (i.e. water flow and temperature, beamline 

vacuum, and the position of gate valves and shutters) and can control beamline components and devices (i.e. gate valves, alarms, and shutters).  Each beamline will have an independent EPS.  The sensors monitored by the EPS for the ID  beamline are shown in Table 3.2.  The operation of the EPS must be independent of, but must be able to accept/send signals to, the APS/PSS.  The EPS must know the status of the front end safety shutter, storage ring parameters, and ID operating parameters.  The EPS must also be able to request that the APS close the front end safety shutter in both normal and emergency equipment conditions.  We assume that the APS/PSS will define the proper procedure for reopening the front end safety shutter during normal operation or an emergency event. MRCAT will use a single-chain programmable logic control (PLC) system for the beamline EPS.  An Allen Bradley SLC 5/03 processor with local and remote input/output (I/O) racks, filed devices, and video control panels will be implemented on the MRCAT sector.

3.5.2
Insertion Device Beamline
The design philosophy of maintaining monochromatic operation downstream of the FOE allows the ID beamline to be divided into two EPS regions: The FOE and the rest of the beamline.  The concept of two distinct EPS regions is possible because of the fixed white-beam photon and safety stops in the P5/MOD Integral Beam Stop/Shutter.  If an EPS sensor is tripped in the FOE, the front end safety shutter and appropriate gate valves must be closed.  If an EPS sensor is tripped outside of the FOE the double-redundant monochromatic shutters in P5/MOD and appropriate gate valves can be closed, while allowing the front end safety shutter to remain open.  This division of EPS regions should reduce the number of PSS violations (i.e. closing the front end safety shutter) during commissioning.

3.6  Personnel Safety System

3.6.1
Overview
The purpose of the Personnel Safety System (PSS) is to protect the beamline user from accidental x-ray exposure.  The PSS system will be designed and implemented by the APS in conjunction with the individual 

CAT beamline configuration.  The PSS described in this section is meant as a guideline as to the type of system we would like implemented on the MRCAT ID beamline.  We anticipate that a mature PSS system will be developed which will incorporate a cost effective and timely upgrade path between the different commissioning phases.

3.6.2
Regions
The MRCAT sectors ID beamline consist of two types of radiation regions: Operational and Administratively Controlled.  All enclosure penetrations (labyrinths) will be administratively controlled. 

Operational Enclosure:
An operational enclosure refers a radiation region in which the door mechanisms are part of the dynamic Personnel Safety System.  These include the first optical enclosures and the experimental stations.  These regions will be constructed such that personnel can have access (i.e. physically be within the enclosure) to components while any door is open. Each region can have one or more doors, either manual or pneumatic.  The manual doors will be used for moving large pieces of equipment into the hutches.  The pneumatic doors will be used for routine personnel access.  Each region 

can be in one of four modes: open, search, interlocked, or secure, with the default (fail-safe) being open.

Open:
In the open mode, x-rays are not permitted into the region, and the region can be entered by personnel for performance of their duties.  If the region is 10-ID-A the front-end safety shutter must be closed.  If the enclosure is 10-ID-B, the double redundant monochromatic shutters in P5-20/mod must be closed.  

Search:
In the search mode, x-rays are not permitted into the region.  If the region is 10-ID-A the safety shutter must be closed.  If the region is 10-ID-B, the double redundant monochromatic shutters in P5-20/mod must be closed.  The search mode is initiated when one or more search buttons within the enclosure are activated.  A preset timer (30 seconds) is started when the search mode is activated. The search 

buttons must be depressed in a pre-determined sequence and the door(s) closed prior to the expiration of the  timer.  If the search mode is not successfully completed, the enclosure drops back into the open mode.

Interlocked:
In the interlocked mode, x-rays are not permitted into the region.  The interlocked mode is entered when the search mode has been correctly implemented and the regions doors are closed.  When a 

search button on the outside of the enclosure has been depressed the region will be interlocked.  The region will remain interlocked as long as the enclosures doors and labyrinth covers are closed.  If any of these 

criteria are not maintained, the region will drop back into the open mode.

Secure:
X-rays are permitted into the enclosure when the region is secure. The region will enter the secure mode when its door key has been secured provided that it was in the interlocked mode.  Removal of any of the Kirk keys (or equivalent device i.e. magnetic locks on the doors) associated with this region will automatically drop the region back into the open mode.

Each of these enclosures will be equipped with panic buttons.  These buttons will be a fail-safe against an individual accidentally being within an enclosure while it is secured.  If a panic button is depressed, the enclosure will automatically fall back into open mode and the safety all shutters will be closed, and any APS safety requirements will be implemented.

Administratively Controlled:  Administratively controlled radiation regions refer to the regions for which personnel do not need access during normal operation.  Access to these regions will not be part of the dynamic Personnel Safety System and will only be allowed when the front end shutter is closed.  The administratively controlled regions include all shielded beam transport and the shielding for components not located within an operational radiation enclosure.  The enclosure labyrinths and the transition pieces to the beam transport will be administratively controlled. 

Beam Transport:

The ID beamline has beam transport not contained in an operational enclosure.  The beam transport shielding will be accomplished as per the designs developed for use on the SBC-CAT ID beamline.  We anticipate that during normal operation access to this region will be required only for planned maintenance.  The beam transport will be administratively controlled.

Component Shielding:
The beamline components not contained in an operational radiation enclosure will be shielded by a stand alone component cabinet.  We plan on using modified (length and width) versions of the APS designed "U6 ID Shielded Cabinet L2 & P8 Shutter & Slit Assembly" (drawing number P4105090606-600000-00.  Access to all of the cabinets and labyrinths will be administratively controlled.  The interior area of each cabinet will not allow access to the components while the shielding panels are in place.  We anticipate a redundant safety system to assure that this region is secured.  The position of individual shielding panels can be monitored by limit switches connected to the PSS.  The shielding panels can be locked in place, with the keys either part of a key bank system or maintained by APS safety personnel.  If the region is not secure, the safety shutter must be closed.  We anticipate that access to these regions will be required only during planned maintenance.

3.6.3
Shutters

The ID beamline has three x-ray shutters:

1)
Front end safety shutter

2)
First monochromatic shutter in the P5-20/mod Integral Beam Stop/Shutter

3)
Second monochromatic shutter in the P5-20/mod Integral Beam Stop/Shutter

During normal operation (i.e. access to 10-ID-B), the safety shutter will remain open and only the double redundant monochromatic shutters will be user controlled.  The ID beamline design does not allow for white beam propagation beyond the FOE.  If access to any station other than 10-ID-B is required, the safety shutter must be closed.  The APS/PSS defines the proper procedure for reopening the safety shutter under normal and emergency conditions. 

3.6.4  Personnel Safety System Logic Tables

3.6.4.1
Overview
The design and implementation of the Personnel Safety System for the undulator beamline is the responsibility of the APS.  MRCAT's responsibility is to supply the APS with logic charts indicating the different modes of operation and expected use of beamline PSS components.  A preliminary discussion of the individual beamline component and enclosure PSS operation is presented in the previous sections.  The components which are interlocked as part of the PSS are identified in Table 3.2.  The PSS components are identified as:

· I indicates interlocked

· A indicates administratively controlled

· M indicates that the status of the component is defined by the mode of operation, which will be monitored by a Kirk key system)

Table 3.2    Vacuum, PSS, and EPS Identification for Phase II 10-ID.




3.6.4.2
Beamline Mode Logic
Table 3.3 provides the PSS logic for 10-ID.  This table is formatted as suggested in the Final Design Report of the SRI CAT Sector 1, with the first column designating the beamline status and each succeeding column showing the status of a particular component.  A component status designation of "T" or "F" can not be changed without changing the operational status of the beamline.  

Plan views of 10-ID-A and 10-ID-B showing PSS device locations are shown in Figures 3.7 and 3.8.  These device locations were determined by studying the device locations for the SRI-CAT radiation enclosures as shown on the design exchange, as well as information presented by APS personnel (John Hawkins) at the Inter-Cat Technical Working Group meetings.

10-ID:
The undulator beamline is designed to provide one mode of operation: Monochromatic.  The photon and bremsstrahlung stop, which are both integral components of P5, will be surveyed and fixed in place.  The redundant P5 monochromatic shutters will be used as the experimental shutters.

Table 3.3
Beamline Mode Logic for 10-ID PSS
	Component Status

Beamline Action
	P5 Photon 

Stop In
	P5 Brems. 

Stop In
	P5 Mono Shutters 

Closed



	10-ID-A on-line


	T
	T
	T

	10-ID-A and Mono 10-ID-B on-line
	T
	T
	X


3.6.4.3
Beamline Component Action Logic
Tables 3.4-and 3.5 provide the PSS logic for experimental station actions of 10-ID.  The format presented in these Tables is based on the format shown in the Final Design Report for SRI CAT Sector 1, with the first column showing an attempted beamline action and each succeeding column showing the status of a particular component.

The logic charts for the beamline modes and actions in this section are cross-referenced as to beamline action (column one) and component status (remaining columns).  The columns for Component Status describe the state of each component for an attempted beamline action.  The rows under Beamline Action describe the various ways in which the state of the PSS may be changed.  The status of the beamline components and radiation enclosures are defined as follows:

· T indicates true.

· F indicates False

· X indicates that the status of the component or radiation enclosure 

does not effect the proposed action.

· O indicates that the component or radiation enclosure status will 

change as a result of the proposed action.

10-ID:
The undulator beamline consist of 2 operational radiation enclosures and 2 operational monochromatic shutters.  The Phase II undulator beamline design shown in Figure 2.3 indicates a number of administratively controlled radiation regions; these regions are all grouped into the column Admin. 

Cabinets.  

Table 3.4
Beamline Action Logic for 10-ID: 10-ID-A On-line

	Component Status

Beamline Action
	10-ID-A

Secure
	10-ID-B

Secure
	Administrative Cabinets Secure
	Front End 

Shutter 

Closed
	P5 Mono Shutters 

Closed

	Beam to 10-ID-A
	T
	X
	X
	F
	T

	Access to 10-ID-A
	O
	X
	X
	T
	X


Table 3.5
Beamline Action Logic for 10-ID: 

10-ID-A and Mono 10-ID-B On-line

	Component Status

Beamline Action
	10-ID-A

Secure
	10-ID-B

Secure
	Administative Cabinets 

Secure
	Front End Shutter

Closed 
	P5 Mono Shutter

Closed

	Beam to 10-ID-A
	T
	X
	X
	F
	T

	Beam to10-ID-A 

       and 10-ID-B
	T
	T
	T
	F
	F

	Access to 10-ID-A
	O
	X
	X
	T
	X

	Access to 10-ID-B 
	X
	O
	X
	F
	T


4.
Work Breakdown Structure


A Work Breakdown Structure (WBS) has been developed for the 

MRCAT sector.  This WBS includes all of the purchased equipment 

needs and Research and Development Projects for the sector.  A more 

comprehensive WBS for the MRCAT sector is given in Appendix D.

Table 4.1
MRCAT WORK BREAK-DOWN STRUCTURE
WBS #

Description

1.


Project Management
1.1



Collaborative Access Team Management

1.2



Health, Safety and Environmental Protection

1.3



Cost Control and Accounting

1.4



Quality Control

1.5



Procurement

1.6



Communication

1.7



Independent Investigator Access 

1.8



Proprietary Research

2.


Insertion Device (ID) Beamline 

2.1



Radiation Enclosures

2.2



X-ray Mirror System

2.3



Insertion Device Monochromator Assembly

2.4



Beamline Transport and Vacuum

2.5



Beamline Utilities

2.6



Beamline Controls and Interlocks

2.7



Insertion Device Experimental Instrumentation

2.8



Beamline Components

3.


Lab/Office Module (LOM)
3.1



Dividing Wall

3.2



Partitions

3.3



Network Connections

3.4



Office Construction
5.
Cost Estimate and Schedules

Preliminary construction costs and scheduling have been developed for the MRCAT ID beamlines.  It has been the policy of MRCAT to select a single vendor for components when feasible: FISONS VG has been selected as the monochromator vendor; Oxford Instruments has been identified as the beamline component vendor; MRCAT plans on using the APS multiple procurement clause in their contract with Tecknit  for the beamline radiation enclosures;  Oxford Instruments  will act as an x-ray vendor of the mirror systems.  The cost estimates for the commercially available components (ion pumps, gate valves, etc.) have been taken from a survey of the respective industry.  The cost estimates shown in Tables 5.1 have been generated from quotations from the selected vendors or from experience where a vendor has not yet been identified.  

A construction and commissioning schedule for MRCAT insertion device and bending magnet beamlines has been generated using APS supplied milestones for storage ring and insertion device commissioning, as well as information supplied by beamline component vendors, as defined in Table 5.1.  The schedule chart and task timelines are shown in Charts 4.1 and 4.2.  Resource allocation and organization are determined by the  MRCAT management team.

Chart 4.1  Critical paths are shown by bold dependency lines.  The  most important construction task is the radiation check of the First Optical Enclosure.  All other construction projects are dependent upon this one task.  Therefore, it is important that this task is not allowed to slip.  

Chart 4.2 shows rectangular boxes which represent planned task duration.  The percent completion is represented by the percent of the box filled in.  Slack time is represented by after the planned duration boxes as a shaded region.  Project milestones are indicated by the triangular markers on the planned duration boxes.
6.
QA/QC

Quality assurance in all aspects of the design, fabrication, and assembly of the MRCAT ID beamline is recognized to be of great importance to the timely construction and reliable operation of the beamline.  Consequently, we will follow quality assurance procedures and guidelines to assure achieving the technical goals of the lines.  We will, whenever possible, rely on APS quality assurance procedures by using APS standard components.  In particular, we will take the following steps to assure suitable performance of components to be fabricated or procured.

Preparation of technical specifications:  Since it is the intent of the MRCAT to purchase most of the components of the beam lines from commercial vendors, it is most important to develop appropriate, rigorous technical specifications that can be realistically achieved by suppliers.  These specifications will be determined in a number of ways:  by modeling optical performance using raytracing techniques, by evaluating thermal and mechanical performance by finite element analysis, by fabricating and testing 

prototypes developed in our laboratories, or by field-testing prototype components provided by potential suppliers.  MRCAT will also use the technical specifications developed by the APS for their standard Beamline components

Conveyance of technical specification to potential vendors:  Once the technical specifications have been developed and, when appropriate, reviewed by external experts, these specifications will be communicated to potential vendors in written form with tolerances, required delivery times, and clear statements of acceptance criteria.

Qualification of vendors:  In order to assure that vendors can deliver a product of appropriate quality in a timely manner, it will be necessary to visit potential vendors to effectively inspect and evaluate their capabilities.  A part of the evaluation must include a consideration of the vendors QA/QC capabilities and policies.  These evaluations will be performed by the MRCAT Directors and those members of the MRCAT staff whose qualifications would make their input to the evaluation appropriate; when necessary, MRCAT will use third-party experts and consultants in evaluating the capabilities of potential vendors or suppliers.  Particular attention will be paid to sound, safe engineering practices as well as production capabilities.

Acceptance  inspection and testing:  Whenever possible, performance criteria will be used for acceptance criteria.  This may not always be practical, since the actual performance of many critical components (e.g. 

monochromators, mirrors, etc.) cannot be properly evaluated until the X-ray beams are available, and it is doubtful that vendors will permit installation prior to payment.  In these cases, MRCAT staff will develop acceptance criteria based on bench testing - i.e. testing of achievable, measurable aspects of the components that will give accurate information on the probable performance in the synchrotron beam.  MRCAT is planning on using the QC facility which the APS has established for the acceptance testing of the front end and SRICAT components.

Establish procedures for fabrication, assembly, testing, and installation phases: MRCAT technical staff will necessarily work closely with vendors of components to assure that specifications are met in each phase of the procurement of components.  As an example, it will be necessary to maintain communications with vendors of mirrors to evaluate performance at intermediate steps of the fabrication of a mirror assembly - after substrate forming and polishing, after coating and roughness evaluations, after mounting and testing for form errors that could arise from the mounting system, after mounting in a vacuum chamber, and so on.  Each component will require its own set of procedures, which will be documented and transmitted to both the vendor and the MRCAT Executive Committee.

Documenting and controlling design and specification changes:  It is critical to document any changes made in  design or specifications in order to avoid time loss due to confusion within the group. All specifications will be maintained on file, as will documentation of all communications, written or oral, with vendors or suppliers.  In addition, all specification or design changes will be discussed and presented in weekly MRCAT staff technical meetings, and all suggested modifications will be communicated, in writing, 

to the MRCAT director in the form of CSRRI Technical Memoranda. (The CSRRI staff have been writing Technical Memoranda on all aspects of the beam line development since 1992, and these Memoranda, which are kept on file in the CSRRI Administrative Office are circulated to all staff.  Further, they are cross-referenced by author, date, and keywords.  Thus, they are the natural medium for documentation of  design or specification changes.)

7.
Research and Development

7.1    Overview
It has been the policy of the MRCAT to make use of APS-designed beamline components wherever feasible.  The design for the ID beamline presented in this Preliminary Design Report has implemented APS designs for all but 6 components:  the Fixed Mask, the ID Monochromator, the Integral Beam Stop/Shutter, the Horizontal and Vertical focusing Mirrors, and the Exit Window.  The fixed mask, monochromator, integral beam stop/shutter, and exit window will be commissioned during the Phase I operation and are discussed in this section.  The Phase II horizontal and vertical focusing mirrors (described in Sections 2) are commercially available and do not represent a problem in research and development.

7.2  Fixed Mask
MR-CAT has installed a fixed mask, shown in Figure 7.1, upstream of the monochromator to minimize the heat load on the first crystal of the monochromator.  The component was developed by BESSRC-CAT.  The fixed mask is a water cooled copper block with an aperture of 1.3 mm in the vertical and 2.6 mm in the horizontal direction.  A 6o bevel both before and after the aperture reduce the incident power density on the copper block.  The water cooling for this component is interlocked with the EPS system. 

7.3      Monochromator

7.3.1
Overview
The MRCAT ID beamline monochromator is designed to be a downward deflecting double crystal device with a fixed offset of 35 mm between the white and monochromatic beams.  The major design problem with an undulator monochromator has been the choice of material and coolant for the first optical element.  The high total power and power density delivered by undulator A requires a new monochromator design, as use of existing schemes will result in a severe degradation of the properties of the experimental x-ray beam (reduced flux and brilliance).  The design of the MRCAT insertion device monochromator has been divided into three sections: 

· The main theta goniometer and vacuum system

· First optic cooling mechanism

· A crystal cage mechanism to mount and align the optics

The theta goniometer and vacuum chamber were purchased from Vacuum Generators and are based on the monochromator designed and developed by the Synchrotron Radiation Source at Daresbury Laboratory (UK).  

7.3.2
Theta goniometer


The theta goniometer and vacuum system were purchased from Vacuum Generators and are based on the monochromator designed and developed by the Synchrotron Radiation Source at Daresbury Laboratory 

(UK).  The Daresbury design philosophy was to modularize the monochromator optics in a detachable crystal cage, which would allow for quick and accurate changes in the optical configuration.  A complete 

description of the Daresbury goniometer and vacuum system is included in Appendix A.  The primary features of the main theta goniometer assembly are:

· Theta goniometer designed to accept crystal cage.

· Theta accuracy of  1.75 mrad.

· The large diameter axle permits the incorporation of adequate cooling lines.

· Vacuum system compatible with MRCAT beamline vacuum systems.

· Mechanical errors in the goniometer (i.e. radial and angular run-out) are within acceptable tolerances.

· Allows for ± 5 mm vertical adjustment

· Allows for ± 3 mm adjustment perpendicular to beam direction

The Daresbury goniometer design will provide a suitable interface to mount and cool the monochromator crystals.  The large diameter axle will permit the use of standard water lines or vacuum jacketed cryogenic compatible coolant lines.

7.3.3
Cooling of the First Optical Element


The major design problem with an undulator monochromator has been the choice of material and coolant for the first optical element. MRCAT has implemented  cryogenic silicon crystals as the ID monochromator optics.  An additional advantages of cryogenic silicon is that  a large number of CATs have also decided to adopt this solution.  Recent experimental results presented at the Inter-CAT Technical Workshop meetings have demonstrated that the cooling geometry developed by G. Knapp and S. Rogers can handle both the total power and power density expected form undulator A.  The use of cryogenic silicon is currently being developed by several CATs (BESSRC, CARS, DND, SBC, and SRI).    

7.3.4     Crystal Cage

7.3.4.1
Overview


The MRCAT monochromator design philosophy has been based on the possibility of changing the crystal optics and cooling mechanisms.  This versatility will be accomplished by mounting the monochromator crystals and their alignment and bending mechanisms to a modular crystal cage design, which can be accurately removed and attached to the main theta goniometer. The Daresbury goniometry provides a suitable three point kinematic mount to accept such crystal cage assemblies.  

The basic design philosophy of the crystal cage concept is to limit the number of in-vacuum crystal alignment variables.  If the two crystals in a double crystal geometry can be made parallel outside of the monochromator tank and locked into place, then the number of user controlled alignment variables can be minimized.  An in-house monochromator test bed has been established at IIT for the pre-alignment of the monochromator crystal cage.  A basic crystal cage design is shown in Figures 7.2 and 7.3.  The spatial alignment of the crystal cage assembly can be adjusted by the goniometer as described in the previous section.  The crystal cage is bolted to a driven wheel which is mounted through a 3 point kinematic mount to a drive wheel mounted on the end of the main theta axle. To change crystals the entire cage and driven wheel assembly will be removed and replaced with a similar cage/driven wheel assembly. To reduce the time required for crystal changes we intend to prealign the crystals in the lab on an identical three point mount. Each set of crystals will be mounted in a separate cage. When the prealigned crystals are mounted on the goniometer the kinematic mount will ensure that the crystal cage is aligned to the main theta axis, allowing the monochromator to be operated without further alignment of the first crystal and with minimal alignment of the second crystal.

7.3.4.2
Cryogenic Silicon Crystal Cage
The crystal cage will implement a first crystal optic as described in Appendix E and a long (140 mm) second silicon crystal, thereby eliminating the need for a translation along the beam direction.  The crystsal cage is shown in Figures 7.4, 7.5, 7.6, and 7.7.  A cooling braid can be run from the LN2 line to the second crystal for temperature stabilization.  The SBC mechanical design criterion are compatible with the MRCAT ID design criterion:

· The two crystals can be pre-aligned in the lab prior to installation on the sector floor.

· The mechanism for the second crystal allows for an adequate Bragg normal adjustment to maintain the MRCAT fixed exit criterion.

The  modifications to the SBC design are as follows:

· The first crystal mounting mechanism must be redesigned to incorporate the cryogenic silicon mounting mechanism.

· The Bragg normal translation and PHI and CHI adjustments of the second crystal will be accomplished by piezo electric motors.

· The sagittal bending mechanism for the second crystal is not required and will be removed.

· The CHI adjustment on the first crystal will be removed as we can perform this adjustment on the second crystal.  The second crystal can be mounted on an adjustable mount which in turn will be mounted on the cage rail system.  

7.4     Integral Beam Stop/Shutter

The APS-designed P5 Fixed Mask Integral Beam stop/shutter was designed to be used downstream of an upward-deflecting monochromator designed to achieve a 35 mm offset between the incident white beam and the reflected monochromatic beam.  The MRCAT monochromator was designed to be downward-deflecting with a 35 mm offset between the incident white beam and the reflected monochromatic beam.  We decided to modify the APS-designed P5-20 to accommodate a downward-deflected monochromatic 

beam.  The design modifications were discussed with  Dr. Deming Shu of the APS in order to ensure that the integrity of the original design philosophy and safety mechanisms were maintained.  An assembly drawing of the P5/mod is shown in Figure 7.8.  The design modifications are as follows:

· The fixed white beam stop was rotated 180û to accommodate the orientation of the monochromatic beam below the white beam.  The entire assembly must also be lowered 35 mm such that the center line of the entrance flange is 1.3825 m above the experimental floor.  This gross vertical adjustment will be accomplished by modifications to the support structure.  This modification maintains the integrity of the beam stop cooling mechanism while accommodating the monochromatic-white beam spatial orientation.

· The fixed Tungsten Bremsstrahlung stop assembly was not modified, but the through hole for the monochromatic beam was lowered 35 mm.  The Bremsstrahlung raytracing for this modification are shown in Figures 3.3 and 3.4.

· The weldment between the vacuum vessels for the double redundant mono-beam shutters and the Bremsstrahlung stop has been modified.  The new weldment location as labeled in Figure 7.1. results in a relative displacement of point A by 23 mm downstream and 35 mm vertically lower. This modification allows the use of the double redundant monochromatic shutters as designed.

7.5 
ID Exit Window

A monochromatic exit window has been designed for use on 10-ID.  A standard NW150CF flange is used to mount a Be window, as shown in Figure 7.9.  The flange can be mounted with the window either vertical or horizontal. This window design will provide a diagnostic capability for all phases of operation on 10-ID.

8.
CSRRI Infrastructure

Illinois Institute of Technology (IIT), located about three miles south of downtown Chicago, is a private university which offers undergraduate and graduate degrees in technical areas.  IIT is responsible for the design and construction of the MRCAT beam lines at the Advanced Photon Source, will employee all MRCAT staff, including the Director, and will provide procurement and project accounting services.  

IIT is participating in MRCAT through its Center for Synchrotron Radiation Research and Instrumentation.  The Center was established in 1992 to bring together various activities in synchrotron radiation research at IIT.    Center faculty are directing the development of APS beam lines for three different Collaborative Access Teams.    

The CSRRI facilities include:

· Crystal optics fabrication laboratory

· X-ray test and alignment laboratory (single axis Bond orienter, monochromator cage alignment testbed, rocking curve measurements)

· Computer facilities:  source calculations, FEA, raytracing, project management

· Staff shop

· Machine shop

· Conference, seminar, and meeting facilities
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HV

X

 

X
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A
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X
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X
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X
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X
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X
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I
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X
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A
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A
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X
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X
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X
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VAT
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X
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UHV

X
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I
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I
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A
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A
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A
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