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Introduction:

These specifications describe read out electronics that will provide position signals from the RF modules attached to the MI Beam Position Monitors in the NuMI extraction region.  The purpose of these electronics is to create an analog position signal of the beam in the MI so the NuMI Beam Permit System can determine if it is within 2 mm of the desired orbit.  This determination for the BPS is to be made in the 1ms between PBar and NuMI extraction.

Working batch intensity range


3 1011  to 1.5 1013
The lower intensity limit is during NuMI commissioning.  During NuMI running, the batch intensity should range from 5-10 1012
Position range




±30 mm
Three sigma resolution on position


0.5 mm
This resolution limit is to be applied at the typical NuMI intensity, and within ±5mm of the desired orbit.
Outputs:
An analog position signal suitable for a fast time plot at 720Hz is required. The intensity signal from the BPM can be used by the read out electronics to gauge when beam is present.  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 analog output will go to the Process Channel Interface which in turn connects to a C204 module of the NuMI Beam Permit System.  The PCI also connects to an MADC and from here can be sent to ACNET for fast time plotting. The signal should range no more than ±10V. 
Inputs:

Beam synch as a signal of the start of each turn

Timing:

The BPS takes 200 micro seconds to drop the permit after the position signal goes out of range.  There is 1000 micro seconds between the PBar and NuMI extractions.
Location:

In MI-60, connecting to HP608/606 and VP607/609
BPM scale factors:

Horizontal :  Pos(mm) = 0.232 V5 + 0.153 V3 + 5.839 V

Vertical:      Pos(mm) = 0.297 V5 + 0.673 V3 + 8.462 V

V is BPM signal in Volts.  A monitor output signal is available at the front of the RF modules with a 20dB attenuation from the voltage used in the above scales.
Sample BPM signals (from the monitor output of HP604):
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Figure 1 Position signal of the PBar batch at injection.   The dark line represents the intensity signal from the BPM and indicates when the batch is passing through it.  The position is given as the voltage relative to ground (marked by the 2) and is only relevant when beam is present.
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Figure 2 Position signal in the middle of the MI cycle.  The position signal is now constant as the batch passes through the BPM.  
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Figure 3 Position signals from the end of the MI cycle.  The signal is still  constant. The position is given relative to ground, marked by the 2 on the left scale.
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Figure 4 BPM signals in multibatch mode, the PBar batch and the 5 NuMI batches can be seen.  The pink  trace is the beam intensity.  It is a downward going signal, from its ground marked by the 3 on the left side axis.  A turn starts at the end of the first time division.  The intensity signal drops to indicate the presence of the PBar batch, then rises again during the ~40 bucket gap.  It then drops again for the 1st NuMI batch.  The intensity signal does not have time to return to ground in the ~5 bucket gap between NuMI batches.  Four more NuMI batches follow, then a second turn starts just after the 6th time division. The blue trace is the position.  The position is seen to be constant from batch to batch.  The position signal does not have time to return to its baseline in between batches.
