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NuMI is designed to operate in parallel with the Collider program.  The first Booster batch in the Main Injector is utilized for stacking, while the remaining five will be sent to NuMI.    Transport of this intense primary beam of over 80% of the Main Injector output at 1.9 sec. cycle time is in a tunnel located in the protected groundwater aquifer region.  Hence, detailed understanding, controlling and monitoring of beam loss for the NuMI primary beam is fundamental to successful high intensity operation.

Detailed characterization of radiation fields associated with normal operation and possible failure modes of the primary beam has been done using the program MARS, as has determination of correlation between beam loss, average star density in protected regions and flux seen by beam loss monitors.

Model results indicate average beam loss fraction limits for groundwater protection from 10-4 to several x 10-3 of the high intensity primary beam flux, dependent on tunnel location.  A loss fraction limit of 10-6 of the beam is seen in regions of the carrier tunnel.  However, in this region geometry constraints preclude direct primary beam loss except for fault modes such as a vacuum pipe collapse or a magnet coil failure.

In the MARS runs beams of different emittance, from 15( to 60( are transported through the NuMI primary magnet system to determine beam loss fractions at restrictive apertures, and total beam loss.  For different emittance beams, the effect of beam tails is considered by determining beam loss both with and without beam tail cuts prior to transport through the NuMI beamline.  Additionally, the effects of (p/p ratios from 1(10-4 to 4(10-4 are considered.  For each run, a total of 100,000 particles was transported, giving beam loss sensitivity of 1(10-5.  Beam loss thresholds vs. magnet current variation are also determined for each NuMI dipole magnet string.

A comprehensive report of model results is in preparation.  Some illustrative figures illustrating model setup and typical beam loss modes may be found at http://www-ap.fnal.gov/~mokhov/numi/ 

The need for a low beam loss transport has led to a careful matching of beam parameters to magnet apertures, design for comprehensive loss monitor coverage, the planned utilization of a computer controlled Auto-tune beam position control system and design of a comprehensive beam extraction permit system for NuMI.

Requirements for the control of power supply stability to preclude beam loss are believed consistent with those for Autotune beam transport control and primary beam targeting.  Control of dipole power supply instability is needed between 50 and 400 parts per million, dependent on the strength and location of each set of magnets.  

