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 JLab polarized electron guns operations in 2001
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This report summarizes the performances of the two polarized guns in operation at JLab during the calendar year 2001, such as activations, wafer scans, locations used on the photocathode and polarization measurements. Lifetime measurements and extracted charge are then detailed.

Experiment summary 

Below are listed all 2001 experiments and major shutdown and work periods on the CEBAF machine or in the halls, along with their approximate running dates. 

Hall A

E94-104: January-March

E98-108: March-April

E99-117 (A1n): June-July

E97-103 (g2n): July-September 

E00-102: October-December

Hall B

eg1: January-April

g8: June-July

g6: July-September

e16: October-2002

Hall C

E93-038: January-April

E93-026: June-December

Shutdown

Spring: 04-18 through 06-03

Fall: 09-16 through 10-18

JLab polarized electron guns operations in 2001
1. Wafers, activations, etc.

During the year 2001, there were 5 activations for beam delivery for physics (not including unsuccessful activations):


Gun 3: 3 activations (March, May, September)

Gun 2: 2 activations (February, November)
Thermionic gun removed during January down

Vacuum accident (01-30): injector beamline vented down to the chopper section

Load new wafer in gun 3, bake (02-03)

Gun 2 heat/activation (02-27)

Faraday cup 2 leak, removed (03-03) and reinstalled (03-20)

Gun 3 heat/activation (03-20)

Mott ladder removed, foils exchanged (05-03)

Gun 3 heat/activation (05-15)

09-21: Gun 2 loaded with new wafer: SPIRE 5683-B, a close relative of 
the wafer currently in Gun3, polog 12796:

 Marcy and Tony anodized the edge of the wafer, leaving a ~ 5 mm 
unanodized region in the center. The anodization went smoothly, nice 
uniform blue color, no splotches (~90V with batteries). One 
drawback, we had to use off-line chem room water rather than water 
from our MilliPore source which is broken. The wafer was anodized, 
rinsed with DI water, soaked in acetone to remove the glue on the 
back of the wafer, then rinsed with acetone and methonal, dry N2 
blow dry. 
Wafer was indium soldered to a long stalk, the ta-cup was added and 
the wafer looked good. No cracks. 
The wafer was installed in the portable D cleaner and heated to 600 C 
for 15 minutes. The next day we heated to 300 C and D-cleaned for ~ 
33 minutes. 
Specific cleaning condition; 
Ion pump at 20 microA with turbo valve open, wafer at 300 C. We 
struck a discharge and noticed 18 minutes into the cleaning cycle 
that the heater thermocouple was reading high (540 C but heater 
output was 0%). We reasoned the TC was confused because it was 
picking up RF from the dissociator. WE suspect the TC was closer to 
200 C. After setting the heater controller to manual, we cleaned the 
wafer for another 15 minutes at 300 C. The exact cleaning time is 
uncertain because we don't know sample temperature accurately at the 
front end of the cleaning period. But I suspect it saw > 20 minutes 
under proper conditions.

Gun 3 activation (09-25): good QE

Gun 2 activation (09-26): bad QE

Reheat and activate (10-01): bad QE


Remove wafer, hydrogen clean, reload into Gun 2 (10-05)


Reheat and activate (10-08): bad QE (wax excess)


Load a new wafer (10-16), polog 13102:

A photocathode was anodized using the "o-ring" method. Marcy removed the wax from the wafer using many acetone washes. This sample was installed in a test chamber in the EEL lab, baked, heated and activated (no H-cleaning yet). We measured good QE at 770 nm and 860 nm (1.7% and 0.16%, respectively). The wafer was heated and cleaned with hydrogen for 15 minutes. We quickly tranferred the wafer to gun2 and started a bakeout. It wasn't the prettiest transfer; a used gasket got stuck to the stalk and it took us a few minutes to remove it.

Gun 2: Reheat and activate (10-19): good QE

HV conditioning (10-30) stalk in first: wafer dead  

Reload new wafer, bake (11-22)

Heat and activation (11-26), good QE


HV processing, stalk out (12-6) then in, good QE
2. SPOTS and MOTTs    

Three spots were used during ~ 1 month of operation of Gun 2:


Spot 1: 1175/1400 (starting point)


Spot 2: 1050/1450 (January 20)

Spot 3: 1000/1400 (January 25) 

Then we switched to Gun 3:

Spot 4: 1200/1200 (February 14) 

Spot 5: 1150/1250 (February 23) 

Laser work, coordinates changed 

Spot 6: 1050/1250 (March 15) 

Gun 3 activation and laser work, coordinates change

spot 6 is now 1075/1325 (March 20) 

Spot 7: 1150/1350 (April 3) 

Spot 8: 1225/950

Spot 9: 1300/1000 (September 15)

Spot 10: 1250/1110

Spot 11: 1260/1160 (November 21) 

Spot 12: 1280/1160 (December 15)


Mott:


January 30: GUN 2, see attached table
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February 19: 
Gun 3, 

Hall B: 78.5 +/- 0.6 %



Hall C: 79.8 +/- 0.4 % 

March 06: Gun 3, location 1100/1250



Hall A: 30.4 % (770 nm) 

Hall B: 76.5% 



Hall C: 78.2 %


      Gun 2, location 1250/1100



Hall B: 61.1% 

April 03: see attached figure
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Figure 1: Mott measurements done on April 3 with the half-wave plate in and out and at different locations on the wafer.

June 11


December 4

       

Pe = 72.4% (hall B and C)

3. Wafer QE scans
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Fig 2: QE scans gun 2 hall A (780 nm) top, B (842 nm) middle, and hall C (850 nm) TiSap on 01-02 (left) 01-08 (right).
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Fig 3: QE scans gun 2 hall B (840 nm) 01-25.
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Fig 4: QE scans gun 3 hall B (840 nm) 02-27.
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Fig 5: QE scans gun 2 hall C (850 nm) 01-25; gun 3 hall C 02-23.
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Figure 6: QE scan, March 9 gun 3 hall B (842 nm).
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Figure 7: QE scan March 20 gun 3 hall B (left), and hall C (right) fresh after reactivation 
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Figure 8: QE scan , gun 3, April 3, hall C (running spot was 1150/1350)

[image: image24.png]T otage

REY

1400
L1381
1300 115
.099
1200 088
067
1100 051
.035
1000 4 H 019

T T T T T
1000 1100 1900 1200 1400



[image: image25.png]T otage

1400 4

1300

1200

1100 +

1000

T
1000

T
1100

T
1901

T
1200

T
14000

79
160
141
Je2
102
083
.064
045
.025




[image: image26.png]1 Stage

1100 4

1000 +

900 4

800 +

T
1100

T
190N

T
1200

T
14NN

T
150N

140
130
14
.098
085
067
.061
.036
.019




Figure 9: QE scan, April 16; row1 left: hall A; right: hall B; row 2: hall C, gun 3 (~12 days at the same spot)
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Figure 10: QE scan, May 17, gun 3, hall B.
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Figure 11: QE scan, left: May 29, hall C, gun 3.
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Figure 12: QE scan, hall B, gun 3, June 19.
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Figure 13: QE scan, gun 3, July 9, hall B.
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Figure 14: wafer scan, gun 3, hall B, September 6.
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Figure 15: QE scan, hall C, September 28, left: gun 2, right: gun 3 after 2 fresh activations (gun 2 wafer: dead).
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Figure 16: wafer scan, October 9, gun 3, left: hall C diode, right: G0.
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Figure 17: wafer scan, October 9, gun 3, left: hall A, right: hall B.
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Figure 18: wafer scan, October 22, hall A, left: gun 3, right: gun 2 (no absolute scale).
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Figure 19: wafer scan, October 22, hall B, left: gun 3, right: gun 2.
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Figure 20: wafer scan, October 30, gun 2, hall B.
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Figure 21: wafer scan, November 6, gun 3, left: hall A, right; hall C.
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Figure 22: wafer scan, hall A, December 21, left:gun 2,right: gun 3.
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Figure 23: wafer scan, hall C, December 21, left:gun 2,right: gun 3.   

4. Guns performances   

A total charge on the order of 1000 C was extracted from the cathode over the year (figure 24) during beam delivery for the physics program. The quantum efficiency was monitored with each laser approximately every day of operations (figure 25).  The sawtooth pattern indicates the different QE degradation and restoration at each location on the photocathode (or full activation). The QE is increased, but not fully restored, after each spot move before being degraded again. Hall A has been running unpolarized beam for all of their physics program: the QE with the hall A 770 nm diode laser used in 2001 was ranging between 0.7 and 1.4%. Hall B has been running highly polarized beam for their entire run: the QE with the 840 nm hall B diode laser was 0.07 to 0.2 %. Hall C has been running highly polarized beam during all the year and the QE measured with the hall C diode laser  comparable to the one seen in hall B. 

[image: image43.png]le Edt_Options View Orientation Media_Help
e cumilps 154, 38251 _Page. "umber” 1o 1

YEAR 2001

8
8

d
%900
£
H

g
g

300

200

100

100 150 200 250 300 350
Days after Janaary 1st

hstart || (] @ 53 || iabst.tab.org...| Fexperinent sc.. | FEexperiment sc... | B]tecnot - icro... | Sy001 | Emcrosaft pow... |[F cumulps - 6. 10:20 A0





Figure 24: Cumulative charge extracted from the cathode during operations only vs time.
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Figure 25: Quantum efficiency for each laser versus time. 
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Figure 26: Quantum efficiency for each laser versus charge extracted from the cathode. 

Figure 26 displays the QE measurements for the 3 beams as a function of the charge extracted from the photocathode. Figures 27 through 29 represent the QE as a function of charge measured with each laser. The decay lifetime of the photocathode is fitted onto the data for each period when beam was originating from one single spot.

Lifetimes on the order of 300 C and higher are seen at high wavelength (840 nm) in hall C (figures 28). 

Measurements done in hall B are more noisy (maybe due to the very low laser power used for the measurement) and do not allow meaningful interpretation of the lifetime (figure 29).

Lifetimes seen at a lower wavelength, 770 nm (and a higher current, most of the time) are lower in hall A: 200 to 300 C (figure 27).

Assuming a laser beam size ~ 600 microns (FWHM), this means that a beam current density on the order of 100 kC/cm2 was typically achieved at high wavelength with the C beam.
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Figure 27: Lifetime for hall A beam: quantum efficiency versus extracted charge, Fit of relevant data (results are expressed in coulombs for each period). 


Figure 28: Lifetime for hall B beam: quantum efficiency versus extracted charge, fit of relevant data (results are expressed in coulombs for each period). 


Figure 29: Lifetime for hall C beam: quantum efficiency versus extracted charge, fit of relevant data (results are expressed in coulombs for each period).

