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NuMI BEAM PERMIT SYSTEM

Proper operation of the NuMI Beamline is essential to limit unwarranted damage to equipment and to minimize activation of equipment and the environment.  Of highest concern is the potential for ground water activation in the carrier pipe region between the existing NuMI stub and pre-target area.  It has been estimated that only a few misdirected extractions of beam could result in NuMI operations being terminated for several months so as not to exceed regulatory limits.  (The previous sentence now recognized as myth, yet nonetheless on the conservative side.  RJD 15-Aug-01)
In addressing this problem, it is clear there are a multitude of parameters and states that can be observed that portend and sign proper operation of the NuMI Beamline.  In summary, it is desired to monitor these parameters and states to a degree and thoroughness not usually common to operations.  In developing strategies, the radiation exposure concept of ALARA is applied to NuMI Beamline operations.  In particular, NuMI Beamline operation is subject to the following constraints:

1.
Beam for NuMI should not be accelerated unless there is a purpose for it.

2.
Beam intensity should be no higher than necessary.

3.
Tuning of the NuMI Beamline should be conducted with low intensity beam.

4.
Transition from low to high intensity running should be achieved in multiple steps rather than a single step.

5.
Steady state conditions should be monitored continuously so as to inhibit operations promptly when the condition transitions to a bad state.

6.
Transient conditions that stabilize shortly before beam is extracted to the NuMI Beamline should be sampled as soon as they are stabilized but before extraction.  The result of this sampling should inhibit extraction if the sampling indicates that the condition is not within acceptable limits.  

7.
Certain performance measures and parameters of NuMI Beamline operation are available only after the transmission of extracted beam.  These should be sampled promptly and compared to acceptable limits or expected values.  If the sampling indicates an unacceptable condition, acceleration of any beam for subsequent NuMI operations should be inhibited.

8. Procedures governing the operational response to inhibition of extracted beam or of accelerating beam destined for the NuMI Beamline should be developed and appropriate to the source of inhibition.  These procedures should be enhanced by automatic programmed responses and actions where reasonable.   

9. Interruption of NuMI operations for any substantial amount of time, for whatever reason, is cause for operations to resume at low rather than high intensity.  

The developed approach intends to take advantage to best extent possible already developed solutions to efficient and sensible operations.  It is already clear that the NuMI Beam Permit System will make use of developed hardware and software.  The Permit System will connect to the Beam Switch Sum Box (BSSB) in the MCR to effect control of accelerating beam destined for NuMI.  It will also connect to Main Injector Beam Synchronous clock (MIBS) so as to allow extraction of beam from the Main Injector.  The Tevatron Clock (TCLK) system is rich with well-defined events that sign the nature and state of the acceleration and extraction process.  

The NuMI Beam Permit System will be primarily implemented with C200 modules that are serially connected over the length of the NuMI Beamline.  In particular, C200 modules will be installed at the near MINOS experiment, near the Absorber and muon alcoves, at the Target Service Building, at the target hall power supply support room, at MI-62, at MI-60 North, and at MI-60 South.  Simple logic inputs connected to the C200 modules at these seven locations form the backbone of the Permit System.  By design, this system is very fast (less than 20 microseconds) and encumbered only by circuit and time-of-flight delays.  

The formation of these inputs is the challenge for the NuMI system.  Steady state conditions are generally thought to be the easiest to implement.  Given the experience of past implementations, these inputs are typically generated with a minimum of complexity.  The inputs for transient conditions require synchronization with various clocks and rapid response time in milliseconds or even microseconds to successfully inhibit extraction to the NuMI Beamline.  Judging the performance measures and parameters of NuMI Beamline operation also requires synchronization but is less demanding in response time (~0.5 sec is likely adequate).  But these inputs are necessarily sensitive to beam on/off and intensity conditions.  Complicating the issue, the Main Injector cycle for NuMI operations may be shared with antiproton production beam.  

Solutions to these problems of proper input formation are somewhat elusive.  As stated, the steady state inputs are easy but the remainder are significantly more difficult to generate, especially under the various operating conditions.  The alarm and limit process and real time response of ACNET are simply not suited to the task.  The solution needs to be local and smart.  The solution needs to be general rather than individual systems developing their own solution.  The Project cannot afford multiple efforts for a single task.  

The BOKX

As a proposed solution, consider the development of new hardware that will be referred to as the BOKX.  (While an acronym for Beamline OK for eXtraction, this name has also been selected with some deference to the standing NuMI Department Head)  Simply stated, the BOKX accepts analog and digital inputs and provides a single Beam Permit signal output.  It accepts TCLK and MIBS for synchronization and is interfaced to ACNET.  At least seven (7) BOKXes would be required, one or more at each of the C200 module locations.  Off the shelf and installed, the BOKXes are all the same.  The BOKX is thought to have the following characteristics:

A.
Accepts and digitizes analog inputs.  16 channels minimum, +/- 10 volt differential input, 12 bit conversion minimum.  More channels would be better.  

B.
Accepts digital inputs.  4 lines minimum.  What type of digital input is open to discussion.  Accommodation of different types would be nice but that leads to different boxes.  This capability may not get used much in that digital inputs are generally considered to be steady state and more suitable for direct connection to the C200.

C.
TCLK interface with buffered TCLK output.  The BOKX should be able to distinguish NuMI cycles, whether or not beam is being accelerated, whether or not antiproton production beam is present, and number of Booster batches injected for NuMI.  Programmable timing channel capability referenced to a single TCLK event or series of events is required for proper sampling.  One or two channels are probably enough.  Being able to change reference events is a debatable feature.  

D.
MIBS clock interface with buffered MIBS clock output.  The BOKX should be able to distinguish both the antiproton and NuMI beam extraction events.  It should also recognize the MIBS event generated when either of the extraction events are inhibited.  Timing channel capability not thought to be required, but a fixed delay from the extraction event would be nice for synchronization.  Consider turning a MIBS event into a reference for the above TCLK channels.  

E. A single Beam Permit current sourcing output capable of driving the C200 input.  This output should not be latched, but rather may be pulsed when an out of limit input is observed.  (This feature needs more thought and discussion.) The minimum pulse width acceptable to the C200 is five (5) microseconds.  

F. Capable of receiving a file describing how to treat monitored inputs.  For each input, the file would specify if the input is steady state (SS) implying that it should be monitored continuously, if the input should be monitored before (BX) or after (AX) extraction, and if the input should be compared to a high limit, a low limit, or if it should be between a high and low limit.  Additional qualifiers might be required to convey that the input should be compared to acceptable values only if beam is actually extracted or whether or not inputs are sensitive to the presence of antiproton production beam.  

G. Capable of receiving a multiple files of alarm and limit values for each input.  (This feature also needs more thought and discussion with regard to the appropriateness of alarm points.)  Multiple files are thought necessary to accommodate a greater sensitivity for selected inputs during various operational modes.  For example, the limits for loss monitors would be set lower for tuning with low intensity beam.  Limits for a particular beam position might be expanded to ease the tuning process.  

H. By monitoring available clocks, the BOKX should be able to distinguish NuMI cycles, if NuMI beam is present, if antiproton production beam is present, and if NuMI beam has actually been extracted.  

I. The BOKX should be relatively fail safe in design.  In particular, the permit output should not be asserted if the various necessary files have not been received or if the BOKX is not performing its monitoring function.  

J. The BOKX should afford the capability of masking off selected inputs so as not to trip the Beam Permit when the input is not at an acceptable value.  

K. It may be desired to have the BOKX detect more than one sequential out of limit sample on a particular input before dropping the Beam Permit.  This feature would be beneficial in reducing spurious trips but could detrimentally allow beam when a bad condition is detected.  This feature clearly needs more discussion before implementation.  

L. It is expected that the BOKX will be queried by ACNET as to general status and the performance of monitored inputs.  The details of the interface will be specified later as the design progresses.  

M. The BOKX should retain some record of generated trips so as to facilitate diagnosis of the process.  The TCLK event reset of the NuMI Beam Permit System should be recognized by the BOKX and used to clear the internal record.  Otherwise, the BOKX should not require a reset.  Time stamping of generated trips is not thought to be necessary.  

N. The BOKX should be able to provide a set of nominal values for the parameters observed.  It is thought that this would be done after a successful tuning operation.  Upon query, the information provided would form the raw data from which an application program could calculate appropriate alarm and limit tables.  

O. In providing a set of nominal values, it may be appropriate to provide an average of readings rather than a single sampling.  The number of averaged samples would be low, probably in the range of five to ten.  Such averaging would tend to reduce the effects of random noise on the sampled signals.

P. Serious attention should be given to the sensible connection of analog signals.  It is expected that most or all monitored signals would also be connected to a local MADC for general monitoring and fast time plot capability.  Accordingly, the creation of an analog input box for the BOKX should be considered.  The analog input box might be outfitted with a multipin connector (Trim Trio 48 position) to enable direct connection to a MADC.  

The above listing of characteristics is a first effort to define a proposed solution to the problems presented by the operation of the NuMI Beamline.  They can be expected to change as discussion of this concept evolves.  Central to the success of this approach will be a carefully executed ACNET application program.  Its development should involve the input and experience of seasoned Operations personnel and machine specialists.  

Separately, a listing of all parameters and measurements that are thought to relate to proper operation of the NuMI Beamline has been made.  This list includes beamline magnet power supplies, extraction kicker, vacuum and water utilities, loss monitors, beam position detectors, multiwires, beam toroids, and other instrumentation.  
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