Conclusion remarks for the October 3, 2003 Tevatron IPM Review

Committee members: Joel Butler, Bruce Hanna, Brian Hendricks, Valeri Lebedev (chair), Bob Webber
Conclusions:

· In general the committee was pleased with quality of the presented material and deep insight into physical and technical aspects of IPM operation. The IPM design efforts seem to be enthusiastic, well-directed, and sufficiently well-based both technically and talent-wise.

· The committee strongly felt that the IPM should be a very valuable Tevatron diagnostic helping to reach the Run II luminosity goals.

· However, the committee has concerns about the schedule and resources for the project. To be useful for Run II the project has to be carried out fast (12 to 18 months) and it will require well aimed and concentrated effort.

The answers to the review charge: 

1) Is the proposed method appropriate for making the required measurements in the Tevatron?


Yes. The IPM is the most feasible device for making non-invasive bunch-by-bunch and turn-by-turn profile measurements of beam in the Tevatron at injection and up the ramp at energies below that at which synchrotron light becomes usable. It will usefully supplement existing Tevatron beam-profile measurements both at injection and top energies. 

2) Is the proposed technical solution sound and feasible? Can it achieve the required accuracy? Will it be sufficiently reliable?


The proposed technical solution does appear to be well-conceived, well-designed, and well-engineered as far as it has progressed. It deals with the known serious deficiencies of this type of detector in a very convincing manner.


The system has a reasonably high probability of meeting the requirements, but the presentations at the review were not convincing that the IPM will achieve the “stated” required absolute accuracy; however even stable relative measurements will be useful. Note that the absolute accuracy is expected to be better than for SyncLight monitor.
Reliability of selected components appears adequate except for the open question of data serializer chip radiation resistance. Reliability of the IPM as a system will depend strongly on the design and implementation of the Labview front-end software and the console applications software; these details were not available for review. Radiation tolerance is an issue for robustness.

3) Are the software needs and calibration & maintenance properly addressed?


No.  Software needs were mentioned but not described in any detail at the review. (see comment immediately preceding). The programming effort was not accounted for.   Calibration was discussed and the design and implementation plan have some calibration provisions, but this aspect of the design should not be considered complete. The committee believes that the plan must include the resources necessary to fully integrate this device into operations as a console application. There did seem to be some notion of calibration against an OTR. We believe it is crucial to have a well-defined calibration scheme and endorse the implementation of such a device as an addition to the project.
4) Can one foresee any possible adverse effects on Tevatron operation?


Areas of possible adverse effects include vacuum, beam impedance, residual and higher order fields of IPM magnets.  Tevatron department, beam physics department, mechanical engineering department, and IPM project management should establish written specifications for each of these.

5) Are the cost and manpower estimates reasonable?

  It was not clear if M&S cost estimate included motion control electronics, and electricians to install magnet and power supply AC and DC power wiring, signal and motion control wiring.  Otherwise M&S estimates look reasonable. Manpower estimates included nothing for application software and are probably optimistic in estimates for other software development. The schedule appropriately uses currently anticipated machine shutdowns as reference points. No contingency was associated with the manpower estimates. We were glad to see actual names next to most of the tasks. However, many of the people called out have multiple assignments.  The schedule is already very aggressive and if these people are not truly available, it will drag out too far to be useful to Run 2.

6) Is anything missing?


It is quite probable that achieving good statistical resolution will require local pressure bump. The details of differential pumping scheme and how it will affect average Tevatron vacuum were not presented at the review.


The proposed IPM location is quite close to Tevatron scrapers. It was not clear from the review how beam loss at the scrapers and associated radiation will affect the IPM operation. 


The possibility of better utilization of the programming power available on the Buffer Board need to explored.
   Mechanical work was not discussed in any details. We would like to stress that all materials must be chosen in accordance with UHV practices; this includes using hydrogen degassed, electropolished beam pipe and cans and that all components must be bakeable.

Other concerns and remarks

  The wire measurements of beam impedance for a complete system need to be performed.

   Since this device will be installed at E0 they really need to look at the effect of losses on their signal since this location also has collimators. There was also a question of pulse distortion vs. pulse height that seemed to surprise some of the IPM group; this should be understood as part of their tests.

   Finally the serializer looks to be a potential problem and it is necessary to decide which design (GOL vs COTS) to use and start tests ASAP. It sounds that COTS would be a better choice only from the availability of the chips however they must test the reliability issue.


Our concern is that it appeared that no one had thought of the development of a console application to interface to this device.  This has been a problem with existing IPMs.  An effort to create such a program (W35 – PA1818) was made by Guan Wu in 2000.  For whatever reason, this program was never brought to fruition.  To be fully integrated into operation of the accelerator and to fully utilize the potential of this device, console application development should be a component of this project.  Thought must be given to what data must be made available in the form of ACNET devices to support this development that would provide for all necessary control and displays.  It is also important to think about how the data from this instrument could best be utilized in terms of its interaction with the Sequencer and SDA.


In addition, software to support the calibration and maintenance of the IPM needs to be better specified, and where it resides, application program or front end, needs to be determined.


Another concern that we have is for the long term maintenance of the software associated with this project.  Since the software is largely being developed by the Computing Division, I think that it is important to identify who in the Beams Division will be responsible for its maintenance.  We have some experience with having Beams Division software maintenance in the hands of people from other divisions, and it is somewhat difficult because those people are ultimately assigned to other projects and may not have time to support their Beams Division code.


In conclusion the committee would like to commend the people working on the Tevatron IPM for producing a well thought out design with many improvements over existing IPMs.  We would also like to thank the presenters at the review for their well-prepared presentations exhibiting that design.

Original comments from the review committee members

From Bob Webber:

1) Is the proposed method appropriate for making the required measurements in the Tevatron?


Yes. The IPM is the most feasible device for making non-invasive and turn-by-turn profile measurements of beam in the Tevatron at injection and up the ramp at energies below that at which synchrotron light becomes usable.
2) Is the proposed technical solution sound and feasible? Can it achieve the required accuracy? Will it be sufficiently reliable?

  The proposed technical solution does appear to be well-conceived, well-designed, and well-engineered as far as it has progressed.

  The presentations at the review were not convincing that the IPM will achieve the required accuracy; however even stable relative measurements will be useful.

  Reliability of selected components appears adequate except for the open question of data serializer chip radiation resistance. Reliablity of the IPM as a system will depend strongly on the design and implementation of the Labview front-end software and the console applications software; these details were not available for review.

3) Are the software needs and calibration & maintenance properly addressed?

  No.  Software needs were mentioned but not described in any detail at the

review. (see comment immediately preceding).  Calibration was discussed and

the design and implementation plan have some calibration provisions, but

this aspect of the design should not be considered complete.

4) Can one foresee any possible adverse effects on Tevatron operation?

  Areas of possible adverse effects include vacuum, beam impedance, residual and higher order fields of IPM magnets.  Tevatron department, beam physics department, mechanical engineering department, and IPM project management should establish written specifications for each of these.

5) Are the cost and manpower estimates reasonable?

  It was not clear if M&S cost estimate included motion control electronics, and electricians to install magnet and power supply AC and DC power wiring, signal and motion control wiring.  Otherwise M&S estimates look reasonable. Manpower estimates included nothing for application software and are probably optimistic in estimates for other software development.  No contingency was associated with the manpower estimates.

· The committee found that building and commissioning of IPM would be a considerable task, which will require significant manpower. To be useful for Run II the device construction and commissioning has to be carried out timely.

6) Is anything missing?

   The IPM design efforts seem to be enthusiastic, well-directed, and sufficiently well-based both technically and talent-wise.

   The schedule presented at the review seems aggressive.  It is obviously at an early stage of detail and lacks contingency considerations. The schedule appropriately uses currently anticipated machine shutdowns as reference points.

    My greatest concern is that the software specifications and design (front-end and console applications) be raised to and addressed at the same priority level as the hardware implementation. The risk is probably much greater that the device might not be integrated into useful daily operations than that it might not be capable of making the advertised beam measurements.  In either case, the investment could be squandered.

   This is a 6-8 man-year plus ~0.5M$ project that can result in improved understanding and operational performance of the Tevatron. If the IPMs are to be built, the commitment should be made to acknowledge the real costs ($ and key manpower talent) and do it right.  And, like a new pet, it will always have maintenance costs.

From Bruce Hanna

   My biggest concern from the IPM Review concerns software and how it will be integrated into our program. The IPM group and the Tev department need to get together to discuss the data we want as well as the format we would like it presented in. If it is to be useful there must be an application page that is intuitive and easy to use. Also in the long run someone must be the responsible expert; this is a long-term commitment for someone. In addition they need to explore the possibility to more fully utilize the programming power available on the Buffer Board (i.e. they need to carefully specify what they want).

   Also we did not hear anything concerning Mechanical work. It was mentioned that they may need to inject gas in order to get a good signal. They need to look at how this will affect the vacuum in the entire region and see what amount of pumping will be required. Since they want the IPM to be moveable has the stands been designed? It sounds like they are thinking that existing collimator stands will do but have they really looked at this and does this solution really fit their needs? It looks to me that when they move the IPM they will move the entire beam pipe; is the dipole corrector aperture big enough to accommodate this motion. I have told Andreas that all material that they put in must be in accordance with UHV practices; this includes using hydrogen degassed, electropolished beam pipe and cans and that all components must be bakeable. In addition they need to get started immediately on drafting; my experience has been that this takes more time and money than one might think.

   They need to do some wire measurements to look at beam impedance. This needs to be done with a complete system. They also need to look at the quality of the dipole field; they can start by getting the information from the vendor but we may want to have MTF test it as well. This should be done for all the dipoles they will use and should be tested in a configuration similar to how they will be installed. Will they be run in series? How fast do the magnets have to ramp or do they ramp at all?

   Since this device will be installed at E0 they really need to look at the effect of losses on their signal since this location also has collimators. There was also a question of pulse distortion vs. pulse height that seemed to surprise some of the IPM group; this should be understood as part of their tests.

   Finally the serializer looks to be a potential problem and they need to decide on which design (GOL vs COTS) to use and start tests ASAP. It sounds to me like COTS would be a better choice only from the availability of the chips however they must test the reliability issue.

   In general I support this project. I think that a well-designed and implemented IPM system would be a benefit to use. I also think that their approach is good; using the QIE system that is well-tested system is fine and will minimize design time.

From: Brian Hendricks 

First of all, I would like to commend the people working on the Tevatron IPM for producing a well thought out design with many improvements over existing IPMs.  I would also like to thank the presenters at the review for their well-prepared presentations exhibiting that design.

My primary concern, as was expressed during the review, is that it appeared that no one had thought of the development of a console application to interface to this device.  This has been a problem with existing IPMs.  An effort to create such a program (W35 – PA1818) was made by Guan Wu in 2000.  For whatever reason, this program was never brought to fruition.  To be fully integrated into operation of the accelerator and to fully utilize the potential of this device, console application development should be a component of this project.  Thought must be given to what data must be made available in the form of ACNET devices to support this development that would provide for all necessary control and displays.  It is also important to think about how the data from this instrument could best be utilized in terms of its interaction with the Sequencer and SDA.

In addition, software to support the calibration and maintenance of the IPM needs to be better specified, and where it resides, application program or front end, needs to be determined.

Another concern that I have is for the long term maintenance of the software associated with this project.  Since the software is largely being developed by the Computing Division, I think that it is important to identify who in the Beams Division will be responsible for its maintenance.  We have some experience with having Beams Division software maintenance in the hands of people from other divisions, and it is somewhat difficult because those people are ultimately assigned to other projects and may not have time to support their Beams Division code.

This appears to be a highly valuable project that should be completed in a timely fashion to maximize its benefit.

From Joel Butler

General Comments:

1) There was no in-depth discussion of the performance of existing IPMs. I believe that it is a true statement that IPMs are not proven to give useful measurements in a multi-bunch environment. While the performance of  IPMs in the Booster and Main Injector were mentioned very briefly, I could not draw any conclusions from what was presented. 

2) This system has a better chance of working than previous systems because 1) it uses the electron drift rather than ion drift 2) it contains the electrons by using a magnetic field parallel to the electric field 3) it uses much better electronics than previously employed. 4) more attention has been paid to eliminating noise and other parasitic distortions of the signal.

3) The main value of this instrument, if it works as planned, is to follow the beam turn-by-turn as it is injected and later accelerated up the ramp. Both the spatial and temporal separation of the proton and antiproton beams are utilized to provide separate information on the protons and antiprotons. This method of measuring the beam profile is unique and has the advantage of being non-invasive (more or less).

4) The signal is low for antiproton beams (but hopefully not for long!) and the statistics on the number of detected electrons will limit the resolution. There was a discussion of introducing a controlled leak. However, we did not have enough details to be able to judge how effective this would be (for example how stable) or whether it presented any operational problems for Tevatron operations.

5) Work on the MCP test stand could resolve some issues related to parasitic effects, gain uniformity, etc. It is regrettable that this work has been delayed since it could have produced results that improved our confidence that these issues were understood and under control and that the system would met is specifications.

6) The radiation resistance of the commercial serializer chip option, TLK2501, is an open question and should be resolved quickly. The same is true for FPGA options.

7) It was acknowledged that MCP plates would probably have to be changed “periodically”.  I would like to know what the period is estimated to be and what is involved in doing the replacement. 

8) The Tevatron department has not specified the allowable multipole content of the IPM magnets. They should do so and the IPM Proponents should show that they meet this specification. While no one really thought this would be an issue, this is good basic practice when someone wants to introduce new components into the machine and protects both parties.

9) The cost of this project is quite high and there are many studies and development steps required for successful completion

10) Given the high cost, we need an assessment of its value to the effort to understand and improve the Tevatron. We also need a more thorough evaluation of the schedule. The Tevatron Department indicated that the project would have to complete in a year to 18 months to be useful to them.  After that, its value would diminish because many problems the IPM could address would have been solved by other means. The personnel that is shown on the schedule would need to be available for the project and not heavily over-committed elsewhere.

11) If it is decided to go ahead with the project, the project should be expanded to include the software necessary to fully incorporate the device into operations. This means that the key applications must be available as console applications and the software development effort to accomplish this must be made available. 

12) If it is decided to go ahead with the project, the project should be expanded (slightly) to include an alternative method of verifying its performance and calibrating it at a nearby location. Otherwise, this will just be another measurement of the beam profile whose accuracy cannot be verified. The suggestion to locate an OTR nearby makes sense if the OTR performance is known to good enough to serve as a “standard”.  

13) While this design probably has a good chance of working, BD will have to decide whether the cost and personnel involved are best invested here as opposed to in other projects.

Specific Comments on the Charge:

Is the proposed method appropriate for making the required measurements in the Tevatron?

Yes, it would seem to fill a specific need. 

Is the proposed technical solution sound and feasible? Can it achieve the required accuracy? Will it be sufficiently reliable?

I think the proposed solution deals with the known serious deficiencies of this type of detector in a very convincing manner and that the system has a reasonably high probability of meeting the requirements. Radiation tolerance is an issue for robustness.

Are the software needs and calibration and maintenance properly addressed?

I believe that this plan must include the resources necessary to fully integrate this device into operations as a console application. The programming effort was not

accounted for.  There did seem to be some notion of calibration against and OTR.

I  believe it is crucial to have a well defined calibration scheme and endorse the implementation of such a device as an addition to the project.

Are the cost and manpower estimates reasonable?

I am glad to see actual names next to most of the tasks. However, many of the people called out have multiple assignments. The schedule is already very aggressive and if these people are not truly available, it will drag out too far to be useful to Run 2.

The cost estimate looks reasonable and has a lot of contingency. 

Is anything missing?

Manpower to fully integrate the device into operations is certainly not properly accounted for. If one proceeds, a reliable instrument, located very nearby, that can be used to calibrate it also needs to be added to the project unless it is already available in the area.
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