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Frequent re-injection makes measurement of the beam lifetime very
difficult if possible. Since, only part of the bunch train is refreshed during
the injection cycle then the distribution of the bunch charges in the train
has a characteristic saw-tooth distribution. The slope of saw tooth is
defined by the lifetime and filling frequency and can be used for the
measurements. The data for processing can be obtained either from fast
current transformer or from the raw ADC signal from beam position
monitor. In this paper we present the theoretical considerations as well as
experimental data from NSLS-II storage ring.

To satisfy requirements of the beam stability NSLS-II storage ring
operates with top-up. Presently, around 1200 buckets out of 1320 are filled.
The stored current is 400 mA, and lifetime is around 12 hours as shown.
Each 200 seconds approximately 100 bunches are injected into the ring to
maintain current level. Therefore, top-up cycle takes 40 minutes. 

NSLS-II BPMs are processing 500 MHz signal
induced by the circulating beam. The parameters
of the bandpass filters define the rising and
falling of the induced train as well as ringing
down. After amplification the signal is sampled
with analog-to-digital converter. The ADC
sampling rate is chosen so that there are 310
readings per turn. The clock is phased locked to
the RF frequency. The down sampling results in
the 500 MHz signal being converted into the 80
periods per turn. There is possibility to extract
buffer of 100000 consecutive ADC readings per
channel (more than 322 turns) for the offline
analysis.

To evaluate the signal level evolution along the 
train the sliding window was used. The user 
defined number of data samples around the 
current ADC clock were used to perform sine 
wave fit and the amplitude of the wave was used 
as signal strength. The 310 samples were padded 
with zeros on both sides for these calculations. 
The sliding fit was using 11 points to smear the 
modulation caused by artefacts in the NSLS-II 
injection complex. The step down is clearly 
visible near ADC clock 236. 

The amplitude of the step as well as average amplitude can be used for
the evaluation of the beam lifetime (in assumption that injection is stable in
time) from the period of the top-up:
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The step was calculated as difference between two linear fits on the left and 
on the right sides.

Slope in the fill pattern can be used for lifetime measurements as well. The slope is
measured as growth rate of the amplitude per ADC clock, time “span” is virtual fill time
difference between the first bunch and the last bunch in the sequence (it is not actual
time since the train of 100 bunches is injected). The modulation of the fill pattern can
affect the accuracy of the measurement as well as stability of the injection system. For
example, if all data between ADC samples 20 and 230 is used the calculated lifetime
will grow to 18 hours, most likely due to the excessive charge injection into the region
50-150 ADC clocks.


