Review of Experiment R-99-05 (Search for m ? e g)

Background

Experiment 99-05 (A Search for m ? e g) was approved by the Research Committee in July 1999 and has been the subject of several subsequent reviews either by written progress reports, short presentations at Users Meetings, or both.  In January 2002, PSI and the Research Committee decided that more thorough semiannual technical reviews would be useful:  these technical reviews are to be conducted by A. Blondel, C. Hoffman, and D. Schintzel.  This document summarizes the results of the first such technical review, which took place on July 16-17, 2002.

General Comments

The search for the rare decay m ? e g is an extremely important experiment searching for physics beyond the Standard Model especially supersymmetric extensions.  PSI is clearly the best laboratory to carry out this experiment.  This experiment can be the jewel in the crown of the PSI scientific program.  It is hoped that this measurement can be made before results from the LHC are available.

The collaboration has made great progress since the proposal was submitted.  The collaboration has been strengthened, the roles of the various collaborators have become better defined and the collaborators are working together towards a common goal.  We are pleased with the plans for increased collaborator presence at PSI in the near future.

This review gave the committee and the collaboration a relatively complete view of the project for the first time since 1999.  The review resulted in an in-depth understanding of the capabilities of the experiment and of the remaining difficulties. 

The expected sensitivity has degraded by a factor of 3-5 compared to the proposal, although there is hope that some of this may be recovered.  We emphasize that a measurement with a precision of 10-13 would be a large improvement over the existing upper limit and endorse without hesitation this scientific goal.  Nevertheless, we urge the collaboration to vigorously explore ways to improve the ultimate sensitivity of the experiment; this may include enhancements that are beyond the scope of the original proposal and might be implemented at a later stage.

Liquid Xenon Calorimeter

This is the most challenging and the most critical component of the experiment.  Two prototype calorimeters have been built and tested, providing crucial information on the capabilities of the technique.  The cryogenic system appears to be well designed and is operating well.  The prototypes have demonstrated the importance of careful purification of the cryostat and of the Xenon. A major recent success was the ability to obtain an attenuation length of ~1m. We believe that online purification for the final detector system could be highly beneficial. 

The measured timing and position resolutions of the large prototype match expectations, although the energy resolution has not yet been measured.  The energy resolution of the large prototype should be measured as soon as possible in a monochromatic electron or photon beam and compared with detailed Monte-Carlo expectations.

Monte-Carlo studies of the final calorimeter indicate that the energy resolution with a 1-m attenuation length would fall short of the value given in the proposal (1.4% FWHM at 52 MeV), significantly degrading the sensitivity of the experiment.  The causes of the poorer energy resolution remain to be fully understood.  We strongly encourage a detailed study of the expected performance of the photon detector including varying the geometrical shape, the placement, number, size and quantum efficiency of the photomultipliers, and possible segmenting the calorimeter.  These studies must include realistic noise and pile-up.  Continued studies of sophisticated photon reconstruction algorithms are also encouraged.  The results of these studies, which may result in changes in the design of the detector, will be needed before the final detector is constructed. 

Timing and trigger counters

Excellent progress has been made in the design of the timing counters.  The timing resolution has been measured, and a simulation of the expected performance has been made. Results are in agreement with or better than the values stated in the proposal. 

Some questions were raised concerning the design of the curved trigger counters. The overall design of (and even the need for) these trigger counters could usefully be revisited. 

Drift Chamber  

There has been great progress in the technical design of the chambers, including a combination charge division - vernier cathode readout to determine the z-coordinate, and the design of the electronics.  The need for detailed simulations of the pattern recognition and track reconstruction in a high occupancy environment was expressed by the collaboration; the committee agrees that this is important and that work in this area should begin soon.

COBRA Magnet

The design of the COBRA magnet and correction coils is complete and the coil winding is underway.  This aspect of the experiment appears to be in good shape and on schedule.  The plans for the field mapping appear to also be in hand. The committee notes that the magnet has no return flux iron and urges that the possible adverse effects in the experimental hall be investigated soon. In addition, there are concerns about the effects on the central magnetic field from external power supplies and iron (such as the crane), and from materials placed inside the magnet.

Beam Line

Systematic studies of the beam line are progressing.  Neither of the two possible locations (U or Z branch) has been shown to provide the needed stopping muon rate, purity and beam spot, but the studies this year will hopefully lead to a final beam line design by spring 2003.  Results of this years measurements and preliminary conclusions are anticipated for the next review in January 2003. After an adequate muon beam is achieved, the team should start thinking about a stopping pi- beam and target needed for calibrations.

DAQ and Trigger

A consistent and flexible scheme for the trigger is being developed.  The DAQ based on pulse-shape digitizers is both economical and extremely powerful.  We look forward to seeing further developments, in particular of the new Domino chips. 

Software

Encouraging first GEANT3 results of the performance of the liquid Xenon calorimeter, in a somewhat idealized environment, were presented.  However, one is far from having a complete chain of operational software, including Monte-Carlo simulation and event reconstruction including the effects of noise and inefficiencies.  The committee believes that it is not too soon to begin organizing the software framework for the experiment, which we would like to see described at the next review. 

Summary

The committee reiterates the high scientific merit of the experiment.  Good progress and new results were described.  This should lead to revisiting the design of some major subdetectors, especially the Liquid Xenon calorimeter, before construction begins.  The detailed work schedule and realistic funding profile for the experiment should be discussed and established by the collaboration soon.  The collaboration needs some more manpower and could usefully seek new collaborators.

The next technical review by the committee will be one-day long and be held either just before or just after the next Users meeting in February 2003.  The first outline of the software organisation of the experiment should be presented at that time. 

We thank the collaboration for the high-quality progress report and informative presentations.  In particular, S. Ritt provided outstanding organization for this review. 

