Jim Crisp
May 5, 2004

Recycler Instability Observations May 5, 2004  0930 hours
Observed VP522 through a modified RR bpm preamp.  

Bandwidth 10KHz to 4MHz

Vout/Ibeam = 2.3 ohms      (for A, B at scope input)

A-B channel has gain of 10

Vertical RR bpm sensitivity 35mm (diff/sum)

Time Domain:

A Lecroy scope in infinite persistence mode was used to make the picture below (2us and 20mV/div for all traces).  The red trace shows (A-B) through a x10 amplifier.  The A and B traces are nearly identical and fall on top of each other.  The leading edge of the beam starts at 2us and the trailing edge is 5.4us later.  Nearly 2 full turns are shown.  The position modulation could be as much as the full width of the A-B trace or 12mV
Closed orbit position:
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Maximum position modulation:  (from the width of the A-B trace)
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Figure 1.  VP522 through modified bpm preamp.  A-B in red is amplified by 10.  

Frequency Domain:
An HP vector signal analyzer was also used in infinite persistence mode to capture the frequency spectrum of the amplified A-B signal during an ‘instability’.  The span shows the spectrum of the first 4 rotation harmonics  (dc to 359.5KHz).  The betatron sidebands are normally not seen above the noise floor.  Here, they are roughly 20db below the rotation harmonics suggesting the modulation amplitude is about 2/10th the closed orbit position or 0.13mm pk
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Figure 2.  Spectrum of the first 4 rotation lines of the amplified A-B signal from VP522.  (The noise floor peaks at 10KHz and 143KHz are there without beam.)

Thoughts:

About 8% of the beam was lost on a time scale short compared to the 1 second sample rate of Lumberjack.  The width of the tune lines suggest a growth rate slower than 1/(2pi*1KHz) = 50usec.
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Figure 3.  Time plot of beam intensity sampled at 1Hz from ‘Lumberjack’.

A relatively large amplitude oscillation would be required to loose beam.  The sensitivity of these measurements suggest a small fraction of beam (8%) is undergoing a betatron oscillation whose amplitude is large enough to scrape it away.  It does not appear to be associated with the head or tail of the 5.4usec of beam trapped between barrier buckets.
Beam intensity decreased by 8% and momentum spread was not changed.  The hor and ver emittance went from 3 to 9 pi-mm-mr.
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