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Greg, 

Here is the final report of the committee that reviewed the NuMI/MINOS muon monitoring system.  It does not differ in any significant way from the draft version I sent you some 10 days ago. In a separate e-mail I am sending you the comments of the individual members of the committee for your perusal.

For completeness sake let me state that the five member committee (members were Bruce Baller, Carlos Hojvat, John Krider, Stephen Pordes, and Petros Rapidis (chair) ) met on December 2, 2000 at Fermilab. We listened to presentations from many members of the NuMI/MINOS muon monitoring group (J. Morfin, D. Harris, M. Velasco, D. Naples, J. MacDonald, G. Tzanakos, and A. Erwin). We also benefited from a preliminary design report that was distributed to us beforehand and from copies of the transparencies of the presentations.

First of all, all of us were impressed by the amount of work that had gone into studying the issues related to this system. As some of us remarked we learned quite a bit ourselves about modern neutrino beamlines ! 

 General comments:

 We felt that the effort lacked some cohesion and leadership. It seems that there are multiple parallel efforts that at times may not communicate effectively with each other.

 These shortcomings are reflected in the uneven quality of the design report, even if one takes into account the rather short time scale involved in preparing it. A new version of the report should be generated in due time.

 The requirements of the monitoring system are not clearly stated and possibly not fully understood. Some work should be put in understanding what information will be generated by the system, how it will be used (both during commissioning and during high intensity running), and what is the required level of precision. In particular the requirements of stability (short term, medium term, and long term) and repeatability as contrasted with absolute calibration should be clearly stated.

 It would be helpful if the experiment tried to develop a scenario of how this system will be used, together with other systems (such as the proposed hadronic monitors and the other beam line monitors) as well as with the near detector, to commission the beam line and to guard against the various mishaps.  The sense of the committee was that a review of all the beamline monitoring systems would be appropriate in order to allow for a complete understanding of the beamline control and monitoring issues.

 The Monte Carlo simulation presentation could benefit from a discussion of the errors, both statistical and systematic. The case for the proposed  fine transverse segmentation is not fully supported by the presented asymmetry plots. More running with the MC (if adequate computing resources are available) may be required.

The need for a monitor in the third position (Alcove 2) is not fully demonstrated. This station would be more useful for high energy running; and is of somewhat less utility for the low energy beam. One could consider eliminating it if low energy running will be the dominant mode of operation.

The issue of a failure mode analysis of the various beam line components was raised. The committee met the suggestion of using the muon monitoring system as an interlock device with some skepticism. It is not yet clear if a reliable interlock can be generated. Other safety concerns, such as ODH issues, and gas venting were also raised. Such concerns should be properly addressed by a safety review.

 Specific concerns:

 The ion chambers will be subjected to significant cumulative radiation dose. Most of the concerns arise from radiation damage to the various components of the devices. A better understanding as to what the expected dose at the various locations is required.

 We felt that the LIC structures are more prone to radiation damage, given the use of organic materials, and FR-4. The strict requirements of stability, especially as a function of position transverse to the beam, imply that the materials used must not only survive the radiation but also be dimensionally stable as they get irradiated and as they age. A study of the radiation damage and aging for the proposed materials may be appropriate, esp. if no data can be found in the literature.

 The LIC design has to be refined and properly engineered, if the required stability of 1% is to be achieved. We felt that with sufficient care the LIC could be made to work. Pressure (and temperature) monitoring will be required to achieve the stated accuracy.

 We suggest that the LIC effort be pursued actively until a clear understanding of the feasibility of the SIC is achieved. Prototype LIC building and radiation tests should be pursued.

 We felt that the SIC design is more promising. Its modularity allows for easy cross-calibration, and the close tolerances in its manufacturing imply a consistent response from unit to unit. The absence of a gas system makes it an easier system to operate. The materials used (alumina and covar) are inherently more radiation hard.

 Some design choices should be further studied. In particular it was not clear that the optimum spacing for argon is 1 mm; it may be the case that a 2 mm gap may allow for a chamber with more uniform response. Refinements such as an external electric shield and possibly a better mounting scheme should be considered.

 Again the concerns of radiation damage, and of aging were raised. In particular the issue of outgassing from the walls that could poison the gas has not been resolved. Even though all of us believe that this will not happen, a more definitive answer can possibly  be obtained by searching the literature. Gas filled tubes have been used as constant voltage regulators, and evacuated tubes are used in high radiation environments (e.g. as X-ray tubes). Experience with such devices may provide an answer. In addition, it should be noted that ion chambers have been used as beam monitors at LAMPF, at CERN, at BNL and at other places. Furthermore a significant amount of knowledge of air filled ion chambers exists in the health physics literature. The NIST at Gaithersburg has a 20 MeV electron Linac used for dosimetry calibration, and presumably could provide some information on such matters. Also the suggested use of a getter should be understood in the presence of a noble gas fill.

 Calibration, in the form of an internal radioactive source, is probably not required for the SIC, esp. if beam studies verify its stability. It was not clear to us if the proposed voltage breakdown test is accurate enough to be a calibration monitor.

 Ultimately all these issues can be addressed by a vigorous testing and development program. We believe these efforts should continue. Obtaining prototype chambers and pursuing a program of beam studies should be vigorously pursued. It may be more appropriate to carry out beam studies in a proton beam rather than the proposed electron beam at the ATF (e.g. at TRIUMF, at the Indiana Cyclotron, at Davis, or at the Booster).

 It should be noted that the SIC system is subject to vendor delays, thus getting a prototype early and monitoring the manufacturer's progress closely will be essential in avoiding such delays.

 Electronics and system issues:

 It seems that the new SWIC scanner is adequate - most of us being veterans of the old

SWIC scanner with its 5% accuracy (at best!) were quite afraid of all scanners. The group should develop some expertise on this system and understand who provides hardware and software support for them.

 Cabling should be done with some care; proper shielding and guarding are required in an environment where there will be significant ionization of the ambient air! Coaxial and even triaxial cables should be used.

 A major effort will be devoted to the understanding of the data and the software. It will be very hard for the operators (both at the accelerator and the experiment control rooms) to decipher multidimensional distributions at 0.5 Hz. Proper planning and understanding of the mode that the data will be used and presented are needed from an early stage. A plan that addresses all the issues relating to commissioning and running of the beam has to be formulated. Once again proper leadership for this effort has to be identified.

 Finally, the question of redundancy was raised. We feel that the SIC and the LIC are so similar that any failure mode will be common to both. If an alternative (reduntant) system is contemplated it should probably rely on a different detection technique, rather than building SICs and LICs.

 Schedule and costs

 Both systems are intrinsically simple (hardware wise) and can be easily accommodated in the allotted time.

 Costs could be significantly higher due to the continuation of a dual design effort for some time, and due to the fact that drafting and engineering support were not included in the cost estimate.

Respectfully submitted by:

Petros A. Rapidis, for the review committee 


