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Review Charge

DOE-BES mandated review to assess the advance procurement readiness of the X-ray Correlation Spectroscopy Science (XCS) Diffractometer, Large Angle Detector Mover, and Large Offset Monochromator. 
A. Review the specifications and determine whether the specifications meet the overall requirements and are reasonable and achievable given current technology.

B. Evaluate the list of potential vendors with whom the team has had discussions.

C. Review the acquisition strategy for the systems and determine if the strategy is sound and will allow timely delivery of the full system.

D. Review the vendor selection criteria and determine if these criteria and the quality assurance plan are appropriate for the system.
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Summary
The purpose of this review is to review the specifications, the procurement process, and the potential vendors of the long-lead items of the XCS instruments since the LUSI project has not reached CD-3 and DOE wishes to review all the procurement specifications to make sure that LUSI team effectively uses DOE funding. For the committee to examine the associated documents as shown in Table, Aymeric Robert presented the XCS project overview, followed by a general discussion of performance requirements of the diffractometer, large angle detector mover, and large offset monochromator. 
	Doc. No.
	Title
	Remarks

	PS-391-001-70
	LUSI X-Ray Correlation Spectroscopy Instrument Diffractometer System
	Diffractometer

	PS-391-001-71
	Bid Evaluation Guide for the Procurement of the XCS Diffractometer System
	

	SP-391-001-30 R0
	LUSI XCS Diffractometer System Engineering Specification Document
	

	SP-391-001-32 R0
	Physics Requirements for the XCS Diffractometer System
	

	PS-391-001-75
	LUSI XCS Large Angle Detector Mover Main Carrier Mover Subsystem        - Procurement Specification
	Large Angle
Detector Mover

	SP-391-001-31 R0
	LUSI XCS Large Angle Detector Mover Engineering Specification
	

	SP-391-001-33 R1
	Physics Requirements Document for the XCS Large Angle Detector Stage
	

	SP-391-001-77 R0
	XCS Large Angle Detector Mover Main Carrier Mover - Statement of Work
	

	PS-391-001-78
	LUSI XCS Large Offset Monochromator -Procurement Specification
	Large Offset
Monochromator

	PS-391-001-79
	LUSI DCO Large Offset Monochromator Bid Evaluation Guide
	

	SP-391-00-16 R0
	Physics Requirements for the LUSI Large Offset Monochromator
	

	SP-391-000-94 R0
	LUSI Large Offset Monochromator Engineering Specification
	

	SP-391-001-80 R0
	XCS Large Angle offset Monochromator - Statement of Work
	


In general, the specifications and procurement documents including the acquisition strategy and the vendor selection criteria for XCS diffractometer, large angle detector mover, and large offset monochromator are technically sound. But, there are some technical design & interface issues that should be addressed before proceeding for advanced procurement.
The observations, findings, and recommendations of each instrument are described in more detail in the following sections. 

A. XCS Diffractometer

A.1 Observations:

1. Advance procurement prior to CD3 is required in order to meet early science schedule. 
2. The demanding XCS diffractometer is a 4-circle horizontal scattering geometry diffractometer to position the sample to the x-ray beam in a precise manner. 
3. The total weight of the local detector will be of the order of 10 kg, maximum. The local detector is not part of the scope of the diffractometer. 
4. The operating envelope of the sample is demanding with +3.0 ~ -30.0 mm in the vertical direction and +2.0 ~ -2.0 mm in the horizontal direction at each Interaction Point (IP). The distance between the 1st IP and the 2nd IP is of 600.0 mm.  
5. The nominal operation height of the diffractometer is 1,400.0 mm from the floor. The sample manipulation stage should accommodate a 50.0 kg (110.0 lb) payload with a center of mass up to ~50.0 mm (2.0 inch) above the goniometer center of rotation.

6. Movable diffractometer base will be used to completely move the diffractometer from/to 3 different positions (IP1, IP2, Park position). The demanding base consists of solid granite with guiding rail on the side, multiple air-pads, and floor insert. The required position repeatability is specified as less than ± 0.5 mm. This motion is not motorized.
7. The sphere of confusion of the diffractometer is defined better than 70 μm. The experimental sphere of confusion including various degrees of freedom of the local detector is defined as not exceed 100 μm. 
8. The position drift of the sample is defined by less than 10 μm in X, Y, and Z, and less than 0.3 mDeg (~1 arcsec) in roll, pitch, and yaw over 1 day. 
9. The engineering specification document (ESD) specifies that the center of rotation vibration is less than 1 μm and vibration does not cause CoR angular deviations greater than 0.06mDeg (~0.2 arcsec).
A.2 Findings: 
1. The sample goniometer system is in a sufficiently developed state though there are some technical design issues noted below that should be addressed before procurement.
a) Specification of the performance of each stage in isolation does not properly account the errors introduced by coupling multiple stages. A more robust specification would tolerance the degrees of freedom at the sample interaction point. 
b) By the same token, the specification should define the sample positioning needs and performance envelope not the engineering solution. The specification should allow the vendor as much freedom of engineering as feasible consistent with meeting these requirements. Thus, for example, the YY translation stage need not be specified as interleaved between the theta and chi/phi stages.
c) Cross coupling problem of the vertical stage YY to the tilting stages of χ and φ is anticipated. As noted above in the same context, stack-up position of these stages should be re-visited. The vendor may have better capability to build and select the stage stack-up position. The order of the stacking of the various motions should not be dictated, but left to the vendor who is designing to specifications. So, the ESD should specify that the vendor should propose their capability on the order of stack-up of the stages to achieve the motion stability requirements. 
d) The technical specifications for stage YY should address the motion straightness of trajectory.

2. The XX_air motion is a good idea to move the detector. However, it would be advisable to make the table rest in fixed points on the floor. It would be advisable to think about installation cups recessed in the floor to provide repeatability (+/- 0.5 mm) of the diffractometer position after motion. In addition, the number of air-pads between the base and the floor will affect the overall system dynamics (high natural frequencies) and positioning stability. To meet the position drift and vibration requirements specified in the ESD, the interface design should be re-visited to ensure overall positioning stability and make the device more robust to the floor vibration. 
3. The ESD does not include its minimum warranty period. Thus, for example, the ESD may include “the warranty will start the date of approval of its final acceptance test from SLAC for a period of one year“. The procurement document includes only “Proposed guarantee“.
4. Synthetic granite material may be considered as an option due to its excellent damping quality. 
5.  “True Stone Distributing” was a supplier of the granite in the APS nanoprobe project. The LUSI may consider this company as a subcontractor to the vendor.
6. There is a typo in Section 7.8.2 of the ESD.
7. The vendor would benefit from as much hutch environmental information as available.

8. General procurement plan is appropriately documented though the "not acceptable" classification in the bid evaluation matrix should be removed. If the vendor offers an unacceptable solution, then the vendor's proposal should be disqualified not down rated.

A.3 Recommendations:
1. The specification should allow the vendor as much freedom of engineering as feasible consistent with meeting the performance requirements.

2. The XCS diffractometer proceeds to advance procurement with minor changes to the specifications.

B. XCS Large Angle Detector Mover
B.1 Observations:

1. Advance procurement prior to CD3 is required in order to meet early science schedule. 
2. The demanding XCS Large Angle Detector Mover (LADM) consists of the main mover carriage, an adjustable end module, and a modular vacuum system to prevent air scattering. The end module further consists of a beam-stop module with an exit window, a detector precision positioning stage, and a local diode detector to aid its alignment.
3. The overall motion of the LADM to allow placing the XCS detector about a truncated sphere is of approximately 8.0 m maximum radius (with also the possibility of a shorter approximately 4.0 m sample-detector distance) with the center coincident with the experimental interaction point.

4. The LADM should have the capability of changing its Center or Rotation (horizontally and vertically), in order to properly adjust for any change in the experimental interaction point. The main mover carriage should rotate in the horizontal plane and cover scattering angles ranging from +55.0° to -1.0° with desired resolution of 1.0 mDeg. The main mover carriage should also provide the capability to tilt in the vertical plane over a limited range of angles of -0.1° to 1.0° with desired resolution of 1.0 mDeg. Due to the pivoting motion of this tiling and the vertical motion of -30.0 mm to +3.0 mm of the diffractometer, the overall range of vertical translation at the downstream unit is at a minimum -45.0 mm to +145.0 mm. Its maximum load capacity is ~1,814.3 kg (4,000 lbs).
5. Controls will be provided from SLAC (will be obtained from APS-HERIX).
6. In the vacuum chamber system, CVD diamond is specified as the entrance window material. Its diameter is 40.0 mm and it could be replaced with Kapton.

7. The exit window system is located right after the in-vacuum beam-stop. A thin foil of Kapton is specified as its material.

B.2 Findings:  

1. It is difficult to imagine that this system warrants award to an offshore vendor. Surely there are US vendors for machine hardware that could meet the specification. The plan to separate the detector motion assembly and the flight tubes from the main mover is a good idea. This will help in expediting the main detector mover design and procurement, while the details of the flight path and the detector table designs are completed in house. The division of effort envisioned whereby SLAC staff takes responsibility for the flight tube, beam stop, etc is appropriate.
2. The stored energy associated with the evacuated drift tube is substantial. The ES&H issues associated with this stored energy in the presence of a thin window should be addressed early in the design effort. The use of a large area, thin Beryllium window should be re-evaluated in this context. A thin foil of Kapton specified in the ESD is preferred.
3. The large angle detector mover design is based on one currently in use at APS in sector 30. While there are many similarities, some of the differences are significant to affect the design for the LUSI instrument. 

4. The load of the detector and the associated flight path is significantly small compared to the APS device.  This has the advantage of reduction in cost and will provide better stability for the mover. 

5. Renishaw’s linear encoder used for HERIX at Sector 30, APS, has a reliability problem so other options to measure the displacement should be considered. Laser interferometer is an option to be evaluated.  
6. Hardware controlled speed limit is critical for the safe operation of a detector mover with large travel range.

7. X-ray sensors may need to be added to the beam stop to provide an interlock for the detector equipment safety.

8. In the physics document (SP-391-001-33), the Large Angle Detector Stage (LADS) should be the Large Angle Detector Mover (LADM).
9. There is a typo in Section 4 in the ESD (SP-391-001-31). The reference document should be SP-391-001-33.
10. In Section 4.1 of the procurement specification (PS-391-001-75), “Diffractometer system” should be “Main Carrier Mover subsystem of the Larger Angle Detector Mover”. In Section 10-d) of the procurement specification, “SP-391-001-30” should be “SP-391-001-31”.
11. General procurement plan is appropriate though the "not acceptable" classification in the bid evaluation matrix should be removed. If the vendor offers an unacceptable solution, then the vendor's proposal should be disqualified not down rated.
12. The vendor would benefit from as much hutch environmental information as available.

B.2 Recommendations

1. It is recommended that the interface between the in-house design and the detector mover be defined clearly prior to vendor interface. 
2. The large Beryllium window for the detection drift tube has serious consequences for the ES&H if it ruptures. So, a thin foil of Kapton is recommended for this application.
C. XCS Large Offset Monochromator
C.1 Observations:

1. The demanding Large Offset Monochromator (LOM) is to deflect the x-ray beam 600 mm horizontally parallel to the incoming beam and to select specific photon energy from 4 keV to 25 keV. 
2. Instead of placing the first crystal in a fixed position and moving the second crystal to cover the required energy range like a Sector 12’s monochromator currently built at the APS, both crystals will be moved half the range of the required longitudinal translation like a monochromator built at DESY for PETRA III.
3. Two pairs of crystals, Si (111) and Si (220), will be used in the LOM and diamond (111) and (220) are considered as a possible upgrade. 

4. The FEH hutches and utilities are not built yet. After completion of the facilities in the end of this year, vibration spectrum can be supplied to the vendor.
C.2 Findings
1. The specification for the large offset monochromator for LUSI is based on APS design. While there are major similarities between the two designs, care has to be taken to revise the specifications for the LUSI instrument.

2. The plan to use a translation stage in the Z axis along the beam direction for both first and second crystals is an excellent match for the LCLS source.  The design as called for is a mirror image between the first and second crystal motions.  The design also has the advantage of providing a fixed reference point for a potential detector between the two crystals. This monochromator concept of moving both crystals symmetrically about a fixed point is quite advantageous given the absence of cooling required of the first crystal. This greatly eases the Z rail tolerance problem.
3. The LUSI staff is planning to design the crystal mounts and will be trying out different crystals during the course of their commissioning. Based on the past experience at SSRL and at APS, it is advisable to define a clear interface point for the crystal mount.

4. A number of the fine motion degrees of freedom are rightfully the domain of the crystal mount engineering and should be extracted from the vendor statement of work. The vendor SOW would benefit from reduced scope to include only the two larger translations and large angle rotation for each crystal. The SOW should be clear that the vendor needs to provide the means to swap crystals. Since vendors may not be thinking outside the box, the SOW might include descriptions of several means to swap crystals (e.g., vertical translation, 180 deg rotation and horizontal translation, ...)
5. As noted above in a different context, the specification should allow the vendor as much freedom of engineering as feasible consistent with meeting the monochromator requirements. 
6. Entropy is real, so the monochromator stability is likely to be enhanced by including the minimum number of degrees of freedom necessary. Also the lighter the load carried by a degree of freedom, the higher the resonant frequency. Thus fine motions are best implemented in the crystal mount. 
7. As noted above in the same context, the removal of some of the motions to the crystal mounts will help in expediting the main monochromator procurement. Every extra degree of freedom is a source of operational instability and will degrade the performance of the device. Based on experience it would be advisable to remove the H1, H2,  and  advisable motions from the main stage and make them part of the crystal mount.  These designs exist at SSRL and can be reused in minimum work.  The experience of the SSRL engineering staff should be valuable in the design of the crystal mount.  The interface between the crystal mount and the rest of the stages should be clearly defined in the ESD and its crystal mount design effort by SLAC engineer should be included in budget. 

8. Some crystal motions, such as Y1, Y2, etc., could be covered by a SLAC-home-made crystal holder as well.
9. Care has to taken to clearly define the tolerances on all the stages and ask for a testing plan of the deliverables. 
10. Radiation hardened optical encoders may be necessary for encoders inside the vacuum chamber.
11. Support structures of the monochromator should have overall alignment capability (wedge Jack and X and Y pusher etc.)
12. The vendor would benefit from as much hutch environmental information as available.
13. “Angle” should be removed from a Title of “XCS Large Angle offset Monochromator Statement of Work – Statement of Work” (SP-391-001-80 R0)
14. In Section 3.2.2. of procurement document (PS-391-001-78), “SP-3914-000-94“ should be “SP-391-000-94”. In Section 3.2.3. “Main Carrier Mover subsystem” should be “Large Offset Monochromator”.
15. A possible US vendor for the monochromator is as follows;
Physical Sciences Laboratory 

University of Wisconsin-Madison

3725 Schneider Dr. Stoughton WI 53589-3098

Phone:
(608)877-2200, Fax: (608)877-2201

Email: ffeyzi@psl.wisc.edu
16. Contact: Farshid Feyzi 

17. The project should plan for a 24 month lead time following order placement. The vendor may deliver in 18 months and the crystal mounts should be engineered accordingly, but the definition of success should be 24 months.
18. General procurement plan is appropriate though the "not acceptable" classification in the bid evaluation matrix should be removed. If the vendor offers an unacceptable solution, then the vendor's proposal should be disqualified not down rated.
19. Perhaps the procurement should be structured to ensure the vendor(s) has an adequate basis of experience. In particular, requiring prior delivery of a double crystal monochromator might prove to be a helpful filter for weeding out inexperienced vendors.
C.3 Recommendations

1. It is recommended that the interface between the in-house design and a procurement contract be defined clearly prior to starting the advanced procurement.
2. The specification and interface document should be revised prior to proceeding to advance procurement. In particular, the statement of work should be revised to limit the degrees of freedom that are the responsibility of the vendor consistent with the finding that many of the finer degrees of freedom can and should be included as part of the SLAC engineered crystal mounts.

-End-
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