Calibration of 2.5 MHz Voltage in Main Injector

Vincent Wu (MI Dept.)

9 / 13 / 2004

This note reports the calibration of the 2.5 MHz rf voltage at injection energy (8.884 GeV/c) in the Main Injector. The synchrotron frequency is measured using a vector signal analyzer. The 2.5 MHz voltage as seen by the beam is calculated using the measured synchrotron frequency. For input voltages (2.5 MHz) in the range of 2 to 24 kV, the measured voltages are 42 to 24% lower than the input voltages.

Measurements

Four short Booster batches of 2.5 MHz spacing are injected into the Main Injector for the 2.5 MHz rf voltage calibration measurements. After injection the 53 MHz voltage is adiabatically decreased to debunch the 53 MHz beam. The debunching beam is captured in four 2.5 MHz buckets. Figure 1 shows the beam intensity (I:BEAM), the 53 MHz voltage (I:RFSUML) and the 2.5 MHz voltage (I:H28SUM). The 2.5 MHz bunches circulate in the machine for about 4 seconds.
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Fig. 1  The beam intensity (I:BEAM), 53 MHz voltage (I:RFSUML) and 2.5 MHz voltage (I:H28SUM) are shown.

The bunch signals from the Wall Current Monitor are Fourier analyzed by a vector signal analyzer (Agilent 89410A DC-10 MHz). The synchrotron sidebands to a revolution harmonic are measured. The sidebands give us the synchrotron frequency. Figure 2 shows an example of the measurement where the input 2.5 MHz rf voltage is 4 kV.
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Fig. 2  The FFT spectrum of the Wall Current Monitor bunch signal. The central line is a revolution harmonic and the two sidebands are the synchrotron lines. The measured synchrotron frequency is 9.5 Hz for the case of 4 kV of 2.5 MHz input voltage. 

The measurements are carried out with a frequency span of 200 Hz and 801 frequency points. The resolution bandwidth is 0.95 Hz. The required data sample per measurement (by the VSA) is 3 seconds.

Results

Figure 3 summarizes the results of all measurements. The horizontal axis is the input 2.5 MHz voltage (kV) from the sequence table in the I6 accelerator console page. The vertical axis shows two quantities, i.e., the measured voltage (kV) and the fanback voltage I:H28SUM (kV). Both the fanback and the measured voltages are smaller than the input voltage. For input voltage from 2 to 24 kV, the measured voltage is 42 to 24% lower. A linear fit to the data indicates that the measured voltage is about 27% lower than the input voltage (on the average).
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Fig. 3  Results for all measurements. The horizontal axis is the 2.5 MHz input voltage from the I6 accelerator console page. The diamond data points (blue) are the fanback voltage I:H28SUM and the square data points (red) are the measured voltage.
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Sheet1

		2.5 MHz rf voltage calibration using Agilent 89410A Vector Signal Analyzer (DC - 10 MHz); synchrotron sidebands are measured.

		frequency span = 200 Hz, frequency points = 801, rbw = 0.95 Hz, data sample per measurement = 3 seconds

		input 2.5 MHz voltage		fanback voltage (kV)		calculated		measured synch.

		(kV) (I6 page)		(I:H28SUM)		voltage (kV)		frequency (Hz)

		2		1.5		1.16		6.5

		4		3.3		2.5		9.5

		6		5.3		4		12.1

		8		7.1		5.5		14.1

		10		9.1		6.8		15.7

		12		11.1		8.5		17.6

		16		15.3		11.4		20.4

		20		19.6		15.2		23.5

		24		23.8		17.7		25.4

		momentum=8.884 GeV/c
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