Report of the SNS Beam Diagnostics Advisory Committee

Review of SNS Beam Diagnostics Systems Under Design and Production at Brookhaven National Lab -- March 26-27, 2003

Advisory committee members in attendance: Jim Crisp, Ron Johnson, Tom Powers, Marc Ross, and Bob Webber

This review was a follow-up of the July 2002 review that covered instrumentation, mostly for the SNS Ring, being provided to SNS by BNL.  Tom Shea presented the charge and introductory remarks. Norbert Holtkamp, via the videoconference link, expanded the charge. Peter Cameron presented the overview and schedule for the review. 

This report echoes the charge to the committee, provides general comments in response to the charge, and then offers action items, observations, and recommendations on each system in order of presentation at the review.

Charge to Committee from Tom Shea and Norbert Holtkamp

Tom Shea:

· Review the designs

· Categorize findings for each system

· Action Items - Identify critical items that may be show-stoppers for installation and commissioning to meet SNS Project CD-4 objective

· Provide relevant observations and recommendations to help refine the cost/performance of overall system
· Consider key observations from audience participants

· Provide verbal out-briefing at conclusion of review

· Provide written report

Norbert Holtkamp:

· Prioritize BNL deliverable instrumentation systems relative to meeting the SNS Project CD-4 objective within a fixed budget

· Assess the level of effort and associated costs being expended on SNS beam instrumentation systems at BNL
The relevant aspects of the SNS Project CD-4 Milestone were described to the committee as:

1. Delivery of 1E13 protons per pulse from the Ring to the neutron production target.

2. Installation of all equipment commensurate with 1-megawatt beam operation.

General Remarks and Comments Relevant to the Charge

It is apparent that there is currently strong momentum in the SNS Beam Diagnostics effort at Brookhaven. Considerable work has obviously been invested to bring the instrumentation system designs to their present status.  Peter Cameron and his team should be commended for their progress and commitment. The committee thanks the BNL team for their efforts to create clear and informative presentations and for their patience in answering our questions.
The committee appreciates correction where our observations may be off the mark and offers suggestions and recommendations that will hopefully serve as constructive input toward completing a successful suite of beam diagnostics for SNS within the Project constraints.

The committee was charged with prioritizing the beam diagnostics systems and activities. The beam diagnostics systems presented to us are listed below in order of priority as we judge them and with short comments:

1. Beam current monitors – Essential.

2. Beam position monitors – The BPMs will be indispensable for ring commissioning. Design is progressing well but there is much to do; this should be highest priority at BNL.

3. Beam loss monitors – The BLMs are expected to play a critical role in early commissioning and operation of the Ring and beam lines.  Design and status look good; fabrication should be vigorously pursued to bring this system to completion in an expedient manner. The addition of neutron detectors to the Linac BLM system is new to the committee; their value is questioned.

4. Video foil monitor – The injection stripping foil motion controls, critical for machine commissioning and operation, are included as a part of the foil monitoring system. This piece of the project must be completed. It may be prudent to divorce this important control function from the diagnostic aspect. The video diagnostic has unpredictable value; it may be key for understanding injection or it may prove un-necessary. Wrapping up a simple straw man design, assuring that infrastructure, windows, and space are provided, and deferring data acquisition work may suffice for now.

5. Wire scanners – Scanners will be close kin to DTL scanners and should be able to be completed with minimal new effort.

6. Coherent tune monitor – Tune measurement capability is absolutely necessary. BPM system naturally provides many channels of beam motion readout.  Present tune measurement system design anticipates driving the beam using an expensive, high speed, high power, bi-polar pulser that is required by the beam-in-gap (BIG) cleaning system.  Tune measurement and BIG could be de-coupled by building a simple, relatively inexpensive pulser for tune measurement, allowing gap-cleaning power supply to be deferred.  Alternatively, making coherent tune measurements using low power resonant kickers and resonant detectors similar to those planned for the incoherent tune system measurements might save money.  A lower frequency might be better suited to this compromise tune system.
7. Ionization profile monitor – IPM will be the only handle on transverse emittance of beam in ring; it should not be sacrificed.  However, this device offers the risk of soaking up development resources ad infinitum. Achievable design goals should be established and distractions avoided.  Magnets will show up as high cost item; they must be done right.

8. Electron detectors – BNL has a design for the beamline devices and anticipates a PCI based scope card for data acquisition. Detectors should be fabricated, vacuum tested, and installed. It is probably not necessary to invest additional effort in signal amplifiers and data acquisition design at this time.

9. Beam-in-gap Cleaning System/Halo Monitor – System includes strip line kicker magnets, state-of-the-art pulsed power supply, dedicated scraper (separate from beam collimator system), and diagnostics to measure beam and losses in the gap.  This is an expensive system designed to solve a problem that may not exist.  This system is not required for meeting CD-4 beam except for present coupling with the coherent tune measurement system (see item 5 above).  It would be prudent to have a design (and beamline components?) in place and reserve room for installation of remainder of system at later date if proven necessary. Risk is excessive activation of extraction components if beam in gap is a problem and system is delayed too long.

10. Incoherent tune monitor – This diagnostic would appear to offer low rate of return on investment of resources at this stage of the project. It may be adequate to install some of the beamline components (see item 5 above), but defer any expenditure toward data acquisition or system integration aspects at this time. Iterative design based on real beam signals may be necessary for this diagnostic to be successful.

In response to the cost assessment aspect of the charge, the committee can make no specific comments. There was insufficient time and preparation to hear and appreciate cost estimates and budgetary issues in any detail.  Peter Cameron firmly believes that he can deliver all specified instrumentation within his current budget, although he has concerns about hand-off of equipment to SNS/ORNL. Apparently budgetary considerations recently led to changes that now terminate BNL involvement when equipment is “put on the truck” for shipment to Oak Ridge.  

Coupled to both the “hand-off” and the budgetary issue is the small size of the SNS Diagnostics Group at Oak Ridge, especially the technician staff. Almost all ring and transfer line beam diagnostic equipment is scheduled for installation and pre-operational checkout in 2004. According to Tom Shea, his small group will be able to support little beyond the intensity, loss, and position monitoring systems. Even with these, that group will not be able to perform thorough pre- and post-installation testing. The committee fears the possibility of a more pessimistic scenario. Linac commissioning, an on-going activity starting later this year, will place operational burdens on Tom’s group to commission, interpret, troubleshoot, and maintain Linac diagnostics. These demands will be at odds with the important tasks of learning, installing, and checking out the ring and transfer line systems in the organized and complete manner they deserve. This increases the risk of these systems being not ready or worse, not reliable, when needed.

The bottom line is that there is no shortage of work to be done. The committee believes that:

· The quality and timely availability of the highest priority diagnostics systems should not be sacrificed in order to realize the broadest variety of systems. 

· The staffing level of the SNS diagnostics group at Oak Ridge appears inadequate to complete the proper installation and testing of 500-plus beam line instruments and a high power laser distribution system on schedule.  It is estimated that additional support at the level of approximately 3 FTEs for up to 2 years will be required to install, commission, and maintain the diagnostics systems important for the expected performance and reliability of this machine.
· BNL resources should be directed and utilized to best serve the needs of SNS within the context of the overall project situation. Project management must determine whether this means utilizing the experienced BNL talent to develop post-CD-4, 1 MW, diagnostics that may otherwise be lost in the Oak Ridge operational shuffle or calling upon them to most effectively ease the near term burden that will soon consume the small Oak Ridge diagnostics group. 

· BNL must be welcomed and fully expected to contribute is a major way to detailed systems integration/installation planning.

· BNL work on any system should be considered complete only when all system integration issues are defined and resolved, installation drawings are finalized, and all components, down to the last connector, jumper cable, and cable panel are delivered. If that means specifying, procuring, and delivering patch panels for the BLM and BPM systems at the expense of not delivering a complete incoherent tune monitoring system, so be it.  
· It would be a shame to sacrifice the current momentum of the BNL diagnostics team, even if it must be re-focused. To do so would risk loss of talents and expertise at BNL that SNS has already paid to develop and that may be important to the success of systems required to achieve 1-2 MW operation.

· The SNS/BNL Memorandum of Agreement should be amended or expanded (with pre-ops funds?) to cover availability of BNL expertise during diagnostic systems commissioning. Those system designers and builders will be the most efficient and effective group to expedite bringing the systems on line.

Action Items, Observations, and Recommendations

Controls Support and Applications-Strategy for 04 --- 

Critical Findings / Action Items

· None
Committee Observation  - The controls support is at the technology selection stage. 

Recommendation  - Focus resources beyond this to evaluate the scope of effort associated with system integration. 

Committee Observation  - The support group has a very wide-ranging set of clients. 

Recommendation  - Refine the coordination of the effort in order to better understand the work to be done.

BLM Systems --- 

Critical Findings / Action Items

· None

Committee Observation – At the July 2002 Review, the committee observed that the BLM system design was in good shape and essentially finished. This review was an update to the design. The committee wishes to complement the design team on the excellent response to our suggestions. Our observation stands that the design is in good shape.
Committee Observation  - It is not clear if cabling design, from ion chamber all the way through the equipment racks, is completed in sufficient detail.

Committee Observation – New neutron detectors were added to the design, but no requirement and very limited design information was provided. The use of a Russian PMT raises concerns about the availability of replacements.

Recommendation  – Obtain sufficient spare PMTs and/or find an alternate supplier.

Committee Observation – The need for checking x-ray sensitivity of BLM detectors near the rf cavities of the superconducting linac is recognized.
Recommendation  – Now is a good time for this check at Jefferson Laboratory.

Committee Observation – There was a question on the procedure for procuring the ion chamber detectors, whether sole source or bid. If the procurement goes to bid, what are the consequences of an alternate vendor?

Recommendation  – Keep a close watch on this procurement.

Wire Scanner Update --- 

Critical Findings / Action Items

· None
Committee Observation  - The wire scanner technical handoff plan is excellent, especially due to planned extended visit of Plum during commissioning.

Recommendation   - Can this approach be adopted for other critical systems?

Committee Observation  - The committee is concerned about the noted lack of space for the RTBT wire scanner.

Recommendation   - This is a timely issue that should be evaluated soon.

LabVIEW Template --- 

Critical Findings / Action Items

· None

Committee Observation  – The use of a standard interface through a LabVIEW Template is an excellent idea. 

Recommendation  – There should be a concerted effort to make sure that everyone buy’s into the concept, is trained, and uses the approved template. Organize classes to train engineers on the LabVIEW Template.

Committee Observation – The committee heard that there were insufficient LabVIEW programmers. One of the advantages of LabVIEW is that it is easy to learn. The LabVIEW tutorials are good.

Committee Observation – Remote operation of LabVIEW will be needed. There are several methods to meet this need (NetOp Remote Control, RemotlyAnywhere, pcAnywhere, Timbuktu Pro, are a few).

Recommendation  – Pick a method to provide remote operation of LabVIEW and implement it.

Committee Observation – Each presentation of a system included a list of process variables (PVs) required. Is there coordination of PVs from top down and bottom up?

Recommendation  – Insure that the application software and instrument control software have a consistent set of PVs.
PCI DAQ/Timing Card --- 

Critical Findings / Action Items

· None
Committee Observation - There are several different types of the PCI formatted DAQ and timing cards.  The designs seem to be sound and on the right track.  The only issue may be that Brookhaven and LANL should insure that a reasonably minimal number of unique card designs are used in the machine.  It is not unreasonable that they have 6 or 8 different types of the modules.  However, the partner labs should make sure that it is necessary.

Recommendation  - Brookhaven and LANL should insure that there is adequate training and documentation for the SNS staff that will be maintaining these electronics cards and modifying the FPGA code.  SNS staff should review the planned documentation and FPGA code style for completeness and maintainability.

Beam Current Monitors --- 

Critical Findings / Action Items

· None
Committee Observation - A working BCM using existing BPM PCI cards designed for the MEBT has been demonstrated.  One BCM system has been delivered to ORNL after testing at LBNL.  The LabView program exists and data has been taken through EPICS.  

Committee Observation – While at ORNL, one abnormal failure has occurred.  It does not appear to be an inherent problem of the BCM system or it’s design.

Committee Observation – The D-plate (1) and DTL (6) BCM’s are expected to be delivered on time, but will use existing BPM PCI cards.  The PCI cards will be updated when the BNL version becomes available.

Committee Observation – The on-line calibration system is just being designed and cannot be fully reviewed at this time.  The preliminary design looks good.

Recommendation  – One consideration is that the calibrate signal should be terminated at the transformer in the characteristic impedance of the cable.  A series resistor may suffice.
Recommendation  – Consider an independent measurement of the calibration current.
Committee Observation – The ring can have up to 50 amps of beam current that could cause heating in the transformer core.

Recommendation  – Consider monitoring the transformer temperature.
Committee Observation – The transformer shield or enclosure size has been minimized to avoid any resonance.  The first unit will be measured to determine if an RC network is necessary across the ceramic break.

Committee Observation – The BCM may be used by the machine protection system. At each review we have heard references to differential current measurements as MPS inputs, but there still seems to be no resolution as to requirements or design.

Recommendation  – Decide how it should be used and what the requirements are soon!
BPM System ---

Critical Findings / Action Items

· At the July 2002 review, the BPM system was presented as a Final Design Review; the committee disagreed with that status then and finds now that a final design is not yet complete.  Although considerable progress has been made in the past 8 months, much design work and performance testing remains.  The Ring BPM electronics are the most complicated and demanding of the beam diagnostics systems. The BPM signal processing system should be placed at the highest priority by the BNL diagnostics team if the April 2004 installation date is to be met. 

Committee Observation – The current approach to the BPM electronics represents a significant departure from that presented to the committee last July.  At that time the plan was to work with a commercial vendor to procure the electronics; now an in-house design is being pursued. The committee makes no judgment on this change of direction, but notes that there remains much work to be done.

Committee Observation  - Decision has been made to pursue the “dual” front-end BPM system in order to meet the full scope of specified requirements.  A base band channel will process signals from un-modulated barrier bucket beam and an RF channel will process 400 MHz signals from recently injected beam. The RF channel is included to meet first turn measurement requirements, but it is important to note that interpretation of the 400 MHz signals will not be straightforward with multi-turn injection. 

Committee Observation – The base band BPM analog front-end board is in first prototype testing and much fine-tuning remains to be done on BPM analog signal processing hardware.

Committee Observation - The BPM circuitry is too big to fit on the standard PCI DAQ board, so a separate, partially customized board is required.

Committee Observation – The Ring BPM electronics are due to be installed in April ’04.

Recommendation  - Proceed at highest priority to complete and verify performance of base band, RF, and BPM PCI designs along present chosen path. Assure that design decisions are made in a timely fashion.

Committee Observation  - There were questions as to the actual level of the 400 MHz signal to be expected from injected beam.

Recommendation  - This calculation should be checked so that appropriate gain settings are chosen.

Committee Observation – Little was presented on the details of cabling, patch panels, jumper cables, the mechanical layout of these items in relay racks, etc. Up to 44 heliax cables will need to be accommodated in a single relay rack.  It is not clear to the committee who is responsible for these interconnection and mechanical system integration designs? 

Recommendation  - Given the limited technical manpower available in Tom Shea’s group at Oak Ridge, it would seem prudent to expect the BNL team to play a major role in designing and delivering a complete solution including these system integration and installation details.

Committee Observation – The presentation on software processing of BPM signals still offered signal processing ‘suggestions and options’ rather than definite design decisions.

Recommendation  - Focus should be directed on making design decisions rather than continuing to offer suggestions and possibilities.

Recommendation  – With selectable gains throughout the BPM electronics, the calibration system needs to be a real quantifiable calibration system, not just a verification mechanism to determine dead channels.

Recommendation   - A detailed, comprehensive plan should be developed (in conjunction with the Accelerator Physics group?) for the operational calibration procedure and to determine how/if it can be done each 60Hz cycle. This may play back into calibration system front-end design details.

Recommendation  - A plan for integrating electronic calibration system data with beam based offset determination data should be developed so that the two inputs are translated into a single ‘correction’ to be applied to beam position measurements.

Committee Observation – The calibration system plan is to use ‘thru-port’ calibration, i.e. to inject a signal onto one BPM electrode to serve as calibration signal for the orthogonal plane. Both RF and base band calibration signals will be provided.

Committee Observation  - The current design has the capability to inject a calibration signal onto only on one horizontal and one vertical electrode of each four electrode BPM.

Recommendation  - Verify that this design will indeed satisfy the calibration requirements or expand to include a full 4-way test.

Recommendation  - Assure adequate calibration signal isolation from signal processing path in the circuit board design.

Recommendation  - While devoting all due attention to calibration system performance, make every effort to assure matched BPM channels at the design, manufacturing, and initial test stages rather than making plans to “calibrate out” differences later.
Incoherent Tune Monitor --- 

Critical Findings / Action Items

· None
Low power kickers would allow beam transfer measurements and provide information for damper development.  Resonant detectors are significantly more sensitive than normal bpm’s, making this system less destructive to beam.  The increased sensitivity makes the kicker amplifiers substantially cheaper.  This system measures the tune lines at 40MHz.  Two independent systems are being considered; one measures and drives dipole betatron motion and the other measures and drives quadrupole motion (or the phase space shape of the beam).

Committee Observation  - Dedicated incoherent tune or schottky detectors, though probably not necessary to accomplish CD-4 requirements, will be useful in the long run.  

Committee Observation – The Schottky/BTF system is similar to the one built for RHIC.  The SNS version would use BPM electronics with different software.  A dedicated LabView application is required to interface to the system.  This is a more conventional approach than the quadrupole measurement.

Recommendation  – The proposed system is well thought out but is not ready for a final review.  Given the experience of those involved there should be few problems.  

Committee Observation – The quadrupole version of the Schottky/BTF system is more challenging.  The system would be identical to the Schottky/BTF system but using quadrupole detectors and kickers.  Other labs have used pickup loops rather than plates to make quadrupole detectors.

Recommendation  - The relative advantage of electrostatic versus magnetic quadrupole detectors should be examined.

Recommendation  – A decision should be made whether to pursue this system or plan to use the IPM’s to measure quadrupole content in the beam.  

Coherent Tune Monitor --- 

Critical Findings / Action Items

· None
The Coherent tune monitor will collect information from the ring BPM system and analyze the data with a dedicated LabView application.  The beam in gap kickers can be used to excite a measurable oscillation.  However, this application would require the addition of a horizontal kicker with an estimated cost of $210K.

Committee Observation – The BIG (beam in gap) kicker is an expensive item designed to kick the beam completely out of a rather large aperture.  It has the ability to induce a 2 cm oscillation on a single turn.  It’s not clear why such a large kick is necessary to measure tune.  The bpm resolution is 0.5 mm and even smaller coherent tune oscillations should be measurable. 

Recommendation  – Consider using less powerful kickers and perhaps more sensitive detectors such as those planed for the incoherent tune system.  A lower frequency version of the incoherent tune system might be a good compromise.  

Committee Observation - The ability to analyze the frequency content of the bpm signals may prove to be a valuable diagnostic tool beyond measuring the tune.  

Beam in Gap and Halo Systems --- 

Critical Findings / Action Items

· None
Although the Linac team believes there should be no beam in the gap, the total loss budget is only 0.01%.  The Beam-in-Gap/Halo system is designed to remove and measure beam in the gap.  The system consists of a fast vertical kicker, collimators or scrapers, and either a gated photomultiplier tube or microchannel plate as a beam loss detector.  A LabView application will control and monitor the system.

Committee Observation – The gap-cleaning kicker will be programmed to drive the beam tune during the last 100 turns of accumulation.  Studies were presented indicating good efficiency at removing in gap beam and delivering it to the collimator.  The expected distribution of loss around the machine is acceptable.  

Recommendation  – This is a big-ticket item designed to solve a problem that may not exist.  It is not required to satisfy CD-4.  However, having a design in place and leaving room for installation is prudent.

Committee Observation – Both a gated photomultiplier and a microchannel plate are being considered for the fast beam loss monitor.  The accuracy of measuring the amount of beam in the gap is uncertain.  

Recommendation  – The fast beam loss monitor may provide a valuable diagnostic required to determine the necessity of building the full Beam-in-Gap/Halo system.  

Video Foil Monitor --- 

Critical Findings / Action Items

· Foil motion control system, presently included as part of the Video Foil monitoring system, is mandatory for CD-4; the diagnostic features may not be.  Separating the motion control from the diagnostics aspect of the system should be considered.  

· Space and features to accommodate a camera to view the carbon electron-catcher are not currently included in the tunnel design.  Apparently, this device was added to the requirements just prior to this review.  If viewing the electron-catcher is important, tunnel features and the optics design must be made compatible.

Committee Observation – An electrical signal from the electron catcher would seem to be very useful. Somewhere along the line, during the mechanical design, the electrical isolation feature of the collector appears to have fallen off of the map.  

Recommendation  - If the electron catcher design can be revisited, then electrical isolation and current monitoring instrumentation should be included.
Electron Detectors --- 

Critical Findings / Action Items

· None
Committee Observation – There were no actual measurements of electrons in an accelerator with this final detector design, but the committee believes that it should work.

Recommendation  – Obtain data using these detectors in an operating accelerator as soon as possible.

Committee Observation – The electronics design incorporates a battery to provide detector bias and through which the desired signals must propagate.

Recommendation  – Eliminate the battery if at all possible, especially in the machine tunnel. One solution might be to send a DC bias down the signal cable and use a DC block.

Committee Observation – An oscilloscope card is proposed for the detector electronics. Does the card have the required gain and attenuation?

Recommendation  – Insure that the selected oscilloscope card has the appropriate ranges.
Ionization Profile Monitor --- 

Critical Findings / Action Items

· IPM magnets may not be properly included in the baseline budget.  Find the money needed for the magnets.

Committee Observation  - IPM’s are the only way to see the beam profile beyond the very low power beam required for the ‘first step’ CD-4.

Committee Observation  - To commission an IPM takes one FTE of physicist effort.

Recommendation  - Identify the ORNL or BNL staff member who will be responsible for the IPM.

Committee Observation  - Edge focusing and optical aberrations associated with the curved trajectory through the IPM magnet will be important.

Recommendation  - Update the ring optical model to include the IPM magnets.

Committee Observation - The ring vacuum chamber is a bit larger than the biggest readily available micro-channel plate.

Recommendation  - Re-evaluate the geometry of the MCP gap seams. This is one important way that the SNS IPM’s are different from the BNL units.
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