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NuMI BEAM PERMIT SYSTEM DESIGN

Robert J. Ducar
The design of the NuMI Beam Permit System (NBPS) is based on my memorandum of March 23, 2001.  In the large sense, the design of the NBPS is not at all new.  It takes advantage of already designed hardware and methodologies that were instituted in the early days of the Tevatron.  The various permit systems have served the accelerator complex well.  The requirements associated with NuMI operations are thought to mesh well with the basic capabilities of extant permit systems.

As stated previously, the highest concern related to NuMI operations is the potential for ground water activation in the carrier pipe region between the existing NuMI stub and pre-target area.  Minimization of this activation is two-fold in nature.  Proper state and operation of upstream technical components and infrastructure is directly related to low loss transmission of beam through the sensitive area.  Given that there remains some low level of losses and/or residual activation for well directed extractions, proper state and operation of downstream technical components and infrastructure and the productive use of beam also become factors in reducing activation in the critical region.  Thus is derived the approach for considering the proper state and operation of all technical and infrastructure equipment as potential inputs to the NBPS.  

Examination of inputs to extant beam permit systems at the Laboratory evidence a majority of “steady state” inputs.  In this class, the status of an isolation valve being open and an abort kicker being ready are two examples.  A much smaller number of inputs are “smart” and involve monitoring of dynamic conditions with specialized and dedicated hardware.  Examples here are SVX protection at CDF and monitoring of ramped power supplies in the P150 line.  To address the concerns of NuMI operations, many of the potential inputs to NBPS are in the “smart” class given the pulsed nature of the NuMI beamline.  In further addressing the concerns, it is clear that there should be fast reaction to improper NuMI beam transport.  This is an especially unique aspect of the NBPS heretofore not implemented in permit systems.  

As envisioned, the NBPS is thought of as a rather standard system but with an expanded number of inputs - many of which are in the “smart” category.  Additionally the system is thought to not only prevent the acceleration and transfer of beam if something is found wrong before the transfer, but to also immediately inhibit subsequent extractions if a single transfer is not the desired nominal.  An examination of potential inputs to the NBPS yields a variety of attributes.  There are digital and analog signal inputs.  Some are steady state while others are transient.  Some are even ethereal (e.g. Main Injector Beam OK).  Focusing on analog parameters, measured values can be thought of as desired to be above, below, or in between limit values.  

The design process for the NBPS suggested development of a list of potential inputs.  This has been done and the list is large and thought to be thorough.  The intent was to form an understanding of the possible quantities involved, variety of types, physical locations, sampling requirements, and associated limits.  The final selection of those potential inputs that will be actual inputs to the NBPS will be accomplished separately by others.  

E. All said, the “design” really centers on deciding what to connect to the NBPS and how to efficiently accommodate multiple “smart” inputs.  Deciding on what to connect requires discussion and consensus on how the system is to be used and the appropriateness of the input.  An important element here is the relative ease/difficulty that an input can be described and implemented.  The concept of the BOKX (an acronym that has been abandoned) as a solution to accommodating “smart” inputs was first described in the March memorandum.  This concept has evolved into the Process Channel Interface (PCI) and a new C204 CAMAC module as the PCI controller.  Development of the PCI and C204 has begun with a goal of testing to occur in the 4th quarter of this calendar year – most likely in the P150 transfer line.  This work has taken advantage of some already developed hardware.  While the particulars of the controller are specified separately, the refined properties of the PCI and its controller are stated here.  
F. A.
Accepts and digitizes analog inputs.  64 channels, +/- 10 volt differential input, 16 bit resolution with 85 microsecond conversion time for all channels. 

B.
Accepts 32 digital inputs.  All inputs are opto-coupled for noise immunity and ground isolation.  

G. C.
Receives TCLK with embedded capability of four timing channels.  Timing channel resolution is 100 microseconds.  

H. Receives MIBS clock. 

I. With both TCLK and MIBS as inputs, the C204 and PCI will be able to distinguish NuMI cycles, whether or not beam is being accelerated, whether or not antiproton production beam is present, the number of Booster batches injected for NuMI, and antiproton production and NuMI extraction event generation.  
J. Rather than single or multiple events, the start reference for a timing channel is determined by a programmed “State Algorithm Table” (SAT).  The SAT is essentially a small state machine that, upon reaching its final state, coordinates the time sampling of indicated inputs.  Directly associated with the final state of each SAT is a “trigger” to the PCI 64 channel A/D converter.  

K. The C204 provides a single Beam Permit current sourcing output capable of driving a C200 input.  This output is pulsed off when an out of limit input is observed.  (Certain conditions may cause the output to remain low.)  The minimum off duration acceptable to the C200 is five (5) microseconds.  

L. The C204 is capable of receiving information describing how to treat monitored inputs.  For each analog or digital “process” input, the information specifies the associated SAT that indicates when to test the input, 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 convey active/masked, and sensitivity to the state of the Beam Permit System and the intensity of beam. 

M. Capable of receiving limit values for each input.  (Alarm values will be handled separately by existing ACNET services.)  

N. The C204/PCI system is estimated to process an individual against programmed limits in approximately five microseconds.  This time is in addition to the A/D conversion time of eighty-five microseconds.  

O. The C204 and PCI should be relatively fail safe in design.  In particular, the permit output should not be asserted if the necessary process information has not been received or if the hardware is not performing its monitoring function.  

P. The C204 and PCI can be queried by ACNET as to general status and the performance of monitored inputs.  The details of the information available separately in the C204 specifications.  Included here is a record of tripped process channels (first in – first out), last acquired nominal value, and an average of the last eight acquired nominal values. This averaged information could be useful to the associated application program in generating appropriate limit values.  

Q. The TCLK event reset of the NuMI Beam Permit System is recognized by the C204 and PCI to clear the internal record. 

R. The A/D converter of the PCI is passively connected to a local MADC by connection to the PCI of the multiple twisted pair cables from the MADC analog entry box.  New cables are then connected between the PCI and MADC.  This affords independent monitoring of any analog signal connected to a MADC.  The general monitoring and fast time plot capability afforded by the local MADC/C290 hardware is not diminished. 

Central to the success of this design approach will be a carefully executed ACNET application program.  Its development should involve the input and experience of seasoned Operations personnel and machine specialists.  This effort should begin shortly to facilitate testing of the design in the P150 transfer line.

