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Introduction

The NuMI Main Injector Closed Orbit Verifier System is a special purpose BPM system supporting measurements at four MI BPMs for the NuMI Beam Permit System. Requirements for the system are documented in Beams-doc-1323, “MI beam orbit verifier specifications for the NuMI Beam Permit System”, by Andrew Godley. The fundamental requirement of the system is “to create an analog position signal of the beam in the MI so the NuMI Beam Permit System can determine (in the 1ms between PBar and NuMI extraction) if it is within 2 mm of the desired orbit.”
Proposed Implementation

The requirements document was written assuming that MI AM-PM RF modules would process the BPM signals to produce analog position output signals. This note describes design of a system to meet the technical requirements based instead on a VME system with EchoTek digital down-converter electronics and a VME digital-to-analog converter card to produce the analog position signals.  An advantage of this design is to relieve the system of any timing considerations on the scale of a Main Injector turn. The beam sync timing input to the system identified in the requirements document becomes un-necessary.
Proposed Design Details

The requirements state: 

“The output position signal should then be an average of the BPM position signal when beam is present.  Hence before PBar extraction, the signal will be an average of all six batches, and after an average of the 5 NuMI batches.  The average will be taken over a maximum of 10 turns.” 
This performance will be achieved by programming the digital down-converter to operate with a ~5 KHz filter bandwidth that effectively averages beam signals over ~10 turns and eliminates timing considerations on corresponding time scales. The sum signal in this mode of operation represents a measure of the total beam in the machine, not a measure of batch intensity. The VME CPU will read the down-converter data, compute new position and sum signal values, and write them to the DAC at a minimum rate of 2 KHz. (See discussion below on energy sensitivity and questions on when position updates should be active and what output should be presented when updates are inactive.) This rate assures a fresh measurement “in the 1ms between PBar and NuMI extraction” and satisfies the 720 Hz time plot rate requirement.  
The system, as proposed, will not be capable of generating valid position measurement data throughout the entire Main Injector beam energy range due to the implementation of the A/D digitizer clock. The digitizer clock hardware is programmed to operate at 7/5 times the MI RF frequency and to convert the fundamental component of the beam signal down to 0 Hz (DC) at 120 GeV. Since the digitizer clock runs at a constant multiple of and not a constant offset from the RF, the frequency difference between the two and therefore the down-converted signal frequency, sweeps with the RF frequency and therefore with the beam energy. With a 5 KHz bandwidth, the desired down-converted signal appears in the output only at energies above about 40 GeV.  The system will be optimized for operation at 120 GeV. Figure 1 plots the down-converted signal frequency error in Hertz as a function of MI beam energy in GeV.
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Figure 1   Down-converted signal frequency error (Hz) vs. MI beam energy

The analog position signal scaling will be linear in beam position at TBD mm/volt. The scaling from input BPM signal amplitudes to position are TBD. That scaling will follow in the spirit of Beams-doc-1322, v1, “Main Injector/NuMI BPM Scaling - Analysis of Main Injector HP602 and HP604 BPM Data from Traditional Main Injector and NuMI BPM Systems”.

The analog sum signal scaling will be arbitrary but less than 10 volts at 5E12 protons in Main Injector. Calibration of this signal will be subject to beam bunch length.  
A design choice is whether to generate continuous position output updates that will be meaningless at low energies or to update position outputs only at flattop. In either case there remains the question of what should be presented at the position output when beam is not present.
A Beam Permit System implementation problem remains as to how to handle, that is ignore, the beam position input when beam is not present. The sum signal available from the Orbit Verifier BPM system will be a suitable qualifier of the position signal integrity. It is assumed that this implementation problem will be addressed by the NuMI organization outside of the design scope of the Orbit Verifier system.  
