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JLAB-TN-04-013

12–April-2004, Maud Baylac

Calibration of the CEBAF injector high voltage power supply versus the 100 keV polarized source Faraday cup

This tech note is a guide on how to perform the current calibration of the electron gun high voltage power supply against the 100 keV polarized source Faraday cup.

Motivation

The measurement of the current supplied by the high voltage power supply (HVPS) as measured by the Keithley picoammeter is used to determine the charge extracted from the photocathode. Moreover, a metric of injector transmission is calculated as the ratio of the beam current measured in the 0L02 BCM divided by the calibrated HVPS supply current. It is therefore of crucial importance that the current supplied by the PS to the photoemitted electron beam be accurate. The HVPS is calibrated against the 100 keV Faraday cup closest to the gun.

Setup procedure

1. Perform a general ALLSAVE and record the ALLSAVE number 

2. As the prebucher is unnecessary for this measurement it can be turned off.

3. Insert the Polarized Source Faraday Cup and verify that it is in P(icoammeter) mode, not ITOV mode).

4. Choose the laser, which can provide sufficiently large beam current to span the range of calibration, e.g., the laser with the larger product of quantum efficiency and laser power.

5. Setup about 30 A CW beam to the PCup with this laser.

6. Select and “Twiddle Save” the 1I region corrector magnets.

7. Striptool the PCup current (FCupsCORRECTED.VAL), HVPS current (IGL1I00POTread) and the laser attenuator readback as a reference.

8. Record the current in PCup and the setpoint of MBH1I06H and MBH1I06V (either I or BdL) in the following table:

	Condition
	Pcup

(A)
	MBH1I06H

(I or BdL)
	MBH1I06V

(I or BdL)

	Initial
	
	
	

	Final
	
	
	


9. Center the beam in the PCup using MBH1I06 as follows:

· Referring to the striptool adjust MBH1I06H to maximize the current on PCup.  Repeat with MBH1I06V. Use the PS current to account for current fluctuations unrelated to the beam centering. 

· Adjust MBH1I06H to find the two setpoints (one of increment and the other of decrement) where the PCup trace drops by 1.0 A, or more importantly, drops be small, yet equal amounts. Calculate the average magnet setpoint and input this value to the magnet. Check that the average of the two points is close to the optimum setting found in previous step. Repeat with MBH1I06V.

The beam is now centered in the PCup. Record the final magnet setpoint in the previous table.

Test procedure
1. Start a Striptool with the PCup (this step is used to make an accurate average of the beam current, but adds to the total measurement duration). Make sure the Striptool Ring Buffer Size is maximum. Start a Striptool of the UHV ion pump readbacks.  The purpose of the test is to record the beam current supplied by the HVPS to the electron beam as compared to a record of the beam current intercepted by the 100 keV polarized source Faraday cup. Any method to collect this data is sufficient. An example is provided below to indicate the salient points of a suitable measurement.

2. Start with the beam off (Beam Sync Only), measure the readback of the PCup (Boff) and of the HVPS current (Ioff). Allow ~ 30 measurements. Save (Dump Data) the Striptool buffer into a file ~mccops/pcup/cal00.dat.

3. Establish NN uA (where NN refers to the average current in the polarized source Faraday cup). CW selected laser to the Pcup, record only one single beam current per striptool run. Allow ~ 30 measurements. Dump the striptool data into a file ~mccops/pcup/calNN.dat. The values of NN are: 1, 5, 10, 20, 40, 60, 80, 100, 120, … and  as high as the physics program requires. Monitor the 100 keV beamline UHV readbacks (via the Striptool) and verify that the vacuum quality remains good as the current is increased.

	Atten 
	PCup (A)
	HVPS current (A)

	
	0
	

	
	5
	

	
	10
	

	
	20
	

	
	40
	

	
	60
	

	
	80
	

	
	100
	

	
	120
	

	
	140
	

	
	…
	


Backout procedure

1. Either backout the changes made during the beam setup or restore the setup from the ALLSAVE made before the test.

2. Check that the Pcup and the powermeter are retracted. Check beam transport through the injector.  

Calibration results
1. Determine the average value and RMS error of the Pcup (BNN) and HVPS current (INN) for each step in the calibration. In the example above, once for each data file.

2. Plot the average value and RMS error of BNN versus INN. Fit these values with a straight line to determine the calibration coefficients U and V as, 

BNN[A] = (INN[mA] – V[mA]) / U.

Compare with last measurements. For example, results found on November 13, 2003 were (as shown on figure):

U = 0.0006284

V = 0.06094 mA 


3. Update the values of the HVPS calibration constants with those determined and elog/polog the results. The EPICS variables can be updated on the Monticello -> Gun/Laser -> Gun switch controls.
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