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 JLab polarized electron guns operation, January 2003-August 2004 
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This report summarizes the performances of the two polarized guns in operation at JLab during the calendar year 2003 and the first half of 2004, through the summer shutdown, 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 2003-2004 experiments and major shutdown and work periods on the CEBAF machine or in the halls, along with their approximate running dates. 

Hall A

2003:

E01-012 (spin duality): January- February

Hall A down: June

E97-110 (GDH): July-August

Hall A down: September-November

E94-107 (hypernuclear): December 

2004:

E94-107 (hypernuclear): January

    April 15- May 15 

Magnet repair: February-April 15

E04-12 (pentaquark): May 15-June

E00-114 & E 99-115 (HAPPEx He & H): June-July 

Hall B

2003:

e1: January- July

eg2: August and November-December

2004:

eg2: January-February

g10: March-May

g11: June-July

Hall C

2003:

E00-002 (F2N): January-April

E01-002 (Baryon resonance): May-June

E01-004 (Pion form factor): July

E00-108 (Meson duality): August

G0 engineering run: October-November

2004:

G0 eng./forward: January-May 15

Hall installation: May 15-June

E01-107 (pion transparency): June-July

Shutdown

SAD periods: February 15-March, 2003 

           September-October 15, 2003

           August 1-September 15, 2004

JLab polarized electron guns operations in 2003-04
1. Photocathodes

Between January 2003 and August 2004, we have loaded 9 wafers into both guns: 4 photocathodes in gun 2 and 5 in gun 3:

	Gun 2
	Gun 3

	
	Mar 28 2003, bake with a deaf wafer

	1: April 2 2003, strained layer
	1: Sep 15 2003, strained layer

	2: Sep 9 2003, strained layer
	2: Oct 9 2003, strained layer

	3: Oct 2 2003, strained layer
	3: Dec 23 2003, superlattice

	4: Oct 31 2003, strained layer
	4: Mar 8 2004, superlattice

	
	5: Aug 11 2004, superlattice


Below are given more specific details on each photocathode sample:

· 2003:

Gun 3, April 2:

Wafer ID is MO5-5865 from Bandwidth semiconductor, GaAs on GaAsP, diced on 2/12/02, 5 mm o-ring anodized with wet chemicals 7/22/02, H clean portable H chamber 20 minutes 4/1/03.  

Gun 2&3 wafers , sep 11: 

Gun cathodes from MO5-6749.  Gun 2 got wafer #2, gun 3 wafer #4.  Both wet chemical anodized with o-ring protection, mounted on glass slide with glue, 3 drops phosphoric acid, 6 batteries (four good ones and two mostly dead) for bias.  +~90V on cathode, ground near cathode.  Nice blue color with patches of lighter yellow.Mounted with indium on old long stalks: gun 2 with the same stalk (#3) that has been in gun 2, gun 3 on stalk #A that has been being used for Maud's Vgun tests. Hydrogen clean 15 minutes each, ~2.2 uA on ion pump, bright pink discharge, ~1.2 uA on stick to monitor ions. Glove bag into and out of portable H chamber, and into guns. 

Gun 2, Oct 2:

Cathode ID is M05-5866 #6, and is a

relative to the cathode used in gun 2 since spring 2002 (M0%-5865 #3).  5 mm o-ring wet chemical anodized. Loaded into H2 test chamber in EEL lab last friday, baked and tested for QE this week.  0.1% at 955 nm should yield good (0.2%?) at 842 nm. Leak test later today, bakeout of gun 2 to start tomorrow and run over weekend.

Gun 3, Oct 9:

Cathode was loaded into gun 3 today.  MO5-6749 #6, 5 mm oring anodized, 35 min

hydrogen clean.  Bake should start tomorrow. 

Gun2, Oct 31:

We loaded a "traditional" Bandwidth Semiconductor strained layer GaAs sample into gun2 today, #6749-7, a relative of the sample now in gun3. Everything went very well.  To my knowledge, nothing untoward happened that would give me pause or lead me to worry about the outcome of the bakeout. Marcy and I anodized the sample yesterday at the ARC lab (10/29/03).  We used new, cleaned glassware, fresh chemicals, good batteries, "approved" gloves, etc.  The wafer has a nice blue color and 5 mm active area. I loaded the wafer onto stalk "0" using indium.  The ta-cup went on well. No heat in air.  The wafer did not crack.  Then the stalk was loaded into portable H-chamber using a glove bag.  After 20 minutes in the chamber the ion pump current was 20 uA with turbo ON and valve open.  Closed the turbo valve for overnight pump down and ion pump = 34 uA.  Good numbers, comparable to past cleanings that gave good results.

10/30/03.  The portable H chamber ion pump reads 2.2 uA with turbo valve closed, 1.5 uA with turbo ON and valve open. Very good. Heat to 500 C in 30 minutes, soak at 500 C for 15 minutes, down to 300 C in 15 minutes.  Maximum ion pump current during heat cylce was 120 uA with stalk at 417C and turbo valve open.  A relatively small number.  Start H-cleaning. Stalk at 300 C, ion pump at 5 uA before opening H-leak valve.  Total H-cleaning time = 30 minutes.  RF=92 to 96 MHz, Incident power was between 60 and 80 W.  Reflected power was between 11 and 29 W.  Absorbed power between 40 and 60 W.  I tweeked RF frequency every 10 minutes to keep color bright within the dissociator. I used manual heat control on stalk to avoid problems with rf pickoff at the stalk heater thermocouple. I heated the transport tube and purged with N2 overnight.  WE used glove bag to remove stalk from H-cleaner.  We used glove bag to load into the gun.  After ~ 30 minutes pump down, the gun and bake ion pump current was ~ 100 uA total. Perhaps vacuum recovered somewhat quicker last time but nothing to worry about. Leak check tomorrow followed by bakeout over the weekend. 
Gun 3, Dec 23:
 I broke the SVT superlattice Marcy anodized yesterday (SVT 4577#4). Sigh. So Marcy anodized two more SVT wafers from sample 4578, #1 and #2. The wafers look beautiful, no problems during the anodization.  This time, all went well when I loaded 4578#1 onto stalk#4.  I used indium, no heat in air.  The ta-cup went on smoothly, without breaking the wafer. The only hitch... we don't know if this wafer will perform identically to the ones Maud tested at the V-gun.  I think it will be just fine.  We shall see.  There's no stopping this train now.  The stalk sits inside a storage tube with N2 purge, waiting for installation into gun3 tomorrow.

SVT 4577 #4 anodized yesterday, 5 mm o-ring, vinyl gloves, all freshly cleaned beakers, new chemicals, LN2 blowoff for drying.  No problems. Broke during mounting on stalk. 

SVT 4578 diced today.  Chips #1 and #2 anodized, same beakers as yesterday except fresh ones from Ace/Glue and Ace.  #1 mounted on long stalk successfully today - indium without heating in air.  #2 is currently stored in dry box in EEL lab.

· 2004:

Gun 3, March 8:

Gun 3 wafer was loaded, gun leak checked and bake started today at 11:05. Wafer history: SVT 4721 #2 unanodized, mounted on stalk 1, indium without heat, stored in portable H cleaner over weekend under vacuum (no heat or hydrogen). Bake: 12 hours up, 25 hours at temperature, 4/4/4 down.  Ion pump current ~7 uA to start.  

Gun 3, Aug 11:

We installed the new superlattice photocathode into gun3, SVT4722#2, and started the gun bakeout.  This photocathode was mounted onto stalk#4 with indium solder and 5 mm dia. ta-cup that Jim hand polished.  We loaded the stalk into the gun with a glove bag.  Within 30 minutes of loading the new photocathode, ion pump current was < 10 uA.  Good.  Bakeout started with ion pump current at 2.5 uA, combined ion pump current, main pump + bake pump.  

2. Guns activities

We now give a (tentatively exhaustive) description of major gun activities:

· Gun 2: activation, December 20, 2002



HV process, January 2, 2003 



HV process, Mar 18



QE was shot because of Gun 3 bake



Heat/activation (Mar 29) restored 1% at 770 nm



HV process, Mar 29



Heat/activation, July 3: low QE (0.5% at 770 nm) due to missing N2 input



HV process, stalk out and in,July 7

Gun rebuilt: sep 4-16, 2 bakes

Activation: sep 15



Re-activation attempt failed: sep 24

Load cathode (oct 2), bake

Activation (oct 7)


Re-activation attempt (oct 8)


HV conditioning (Oct 29)

HV conditioning (Nov 4)

Analyzing power (Nov 30)

Analyzing power (Dec 3)

Re-activation (Feb 2): good QE

HV conditioning (Feb 3)

Heat clean (May 11)



Heat and activation (May 19): QE ~ 0.35% at 780 nm



HV process, stalk out (May 19), no problem

Seating idle and activated for ~1.5 months



HV process, stalk in (May 20), no problem

HAPPEx alignment for gun 2 optics (Jul 9)



Heat and activation (Aug 24): QE ~ 1% at 770 nm and 0.14% at 850 nm



HV process, stalk out (Aug 26) and in (Aug 28), no problem

· Gun 3: activation, Mar 3 (QE=1% at 770 nm)



HV process, Mar 18, lost of arcs=> wafer dead



HV process with dead wafer to 125 kV



Added some Cs on electrode, HV process, still activity (Mar 24)



Rework (Mar 27): swap electrode from Vgun (stainless steel, 25 deg, no lip) and added bakeable valve to the NEG pump chamber, start bake with dead wafer



Gun 3 bake kills QE in Gun 2 during high current cw ops of ER exp. (0.2% at 770 nm), Mar 28: bake interrupted



HV process new electrode, with dead wafer in: no problem 




Loaded new sample, April 2



Bake and beamline NEG pump activation, May 23



Heat/activation (May 27): QE=0.8% at 770 nm



HV process, stalk out, May 27 and stalk in, May 28



Add 7 cycles to cathode, QE increased, June 17



HV process, stalk out and in, no problem, June 17



Heat/activation, July 3



HV process, stalk out and in, July 7



Backout of switch to gun 3, back to gun 2, July 22



Bake-out, Sep 12



Activation, Sep 17



Load new wafer, bake



Activation, Oct 13: QE=0.2% at 840 nm



Analyzing power (Oct 27): 24% 

Load new wafer, bake (Oct 30)

Load new wafer, bake (Dec 23)



Activation, Dec 31: Bad QE



Re-activation, Jan 4: Bad QE

Loaded new superlattice (Mar 8)

Activation (Mar 11): QE~0.35% at 780 nm



HV process, stalk out and in, no problem, Mar 11



Gun 3 not in use



Heat (May 12)



Heat and activation (May 18-19): QE ~ 0.35% at 780 nm



HV process, stalk out and in, no problem, May 19



Analyzing power scans (May 25)

Re-activation (Jun 7): QE~0.35% at 780 nm, damage at center not restored



HV process, stalk out and in, no problem, Jun 7



Surface charge limit meas. (Jun 21)



HAPPEx helicity correlated tests (Jul 2): decision to switch back to Gun 2 

Re-activation (Jul 6): QE~0.3% at 780 nm



Loaded new superlattice (Aug 11)



Heat and activation (Aug 23): QE ~ 0.65% at 770 nm



HV process, stalk out (Aug 26), no problem

3. Spots

	Year
	Spot 
	Gun
	Location
	Start date
	Remarks

	2003
	1
	2
	1280,1300
	Since 2002
	

	
	2
	2
	1370,1360
	
	

	
	3
	2
	1320,1450
	04-01
	

	
	4
	2
	1380,1490
	05-08
	

	
	5
	2
	1300,1480
	05-30
	

	
	6
	2
	1270,1480
	06-01
	

	
	7
	2
	1370,1400
	06-07
	

	
	8
	2
	1340,1360
	06-12
	

	
	9
	2
	1350,1500
	06-14
	

	
	10
	3
	1050,1400
	06-17
	

	
	11
	3
	1080,1410
	06-20
	

	
	12
	3
	1090,1450
	06-23
	

	
	13
	2
	1350,1475
	06-26
	

	
	14
	2
	1256,1550
	07-02
	

	
	15
	2
	1200,1590
	07-18
	

	
	16
	2
	1260,1550
	07-30  
	

	
	17
	2
	1165,1530
	08-14
	

	
	18
	2
	1250,1600
	08-25
	

	
	19
	2
	1200,1200
	11-01
	

	
	20
	2
	1250,1100
	12-09
	G0 with increased wavelength

	
	21
	2
	1230,1100
	12-20
	moved to1170/1190 then 1250/1100

	2004
	1
	2
	1230,1100
	Since 2003
	Same spot as in 2003

	
	2
	2
	1280,1120
	02-03
	New spot after fresh activation

	
	3
	2
	1280,1120
	03-11
	Same spot, powermeter realigned

	
	4
	2
	1280,1050
	04-08
	

	
	5
	3
	1260,1050
	05-18
	First superlattice

	
	6
	3
	1000,1170
	06-07
	Same spot, but shifted coordinates

	
	7
	3
	950,1300
	06-18
	

	
	8
	3
	1050,1300
	06-22
	

	
	9
	3
	1100,1200
	06-26
	

	
	10
	3
	1100,1100
	06-27
	

	
	11
	3
	1150,1000
	06-28
	

	
	12
	3
	1100,1150
	06-28
	

	
	13
	3
	1125,1175
	06-29
	

	
	14
	3
	1100,1250
	06-29
	

	
	15
	3
	970,975
	06-30
	

	
	16
	3
	1140,1130
	06-30
	

	
	17
	3
	1085,1050
	07-01
	

	
	18
	2
	1330,1120
	07-07
	Fresh spot from May 19 activation

	
	19
	2
	1340,1170
	07-23
	


4.  Mott

Mar 24: 71% with hall A beam (840 nm)

April 25: 71.8 +/- 15% with hall C beam (770 nm)

Dec 9:

  G0 (840 nm): 68.8 +/- 2.6 %

  G0 (848 nm): IHWP out: 73.4 +/- 2.4 % 

 

 IHWP in: 76.4 +/- 2.4 %

  Hall B (853 nm): IHWP out: 70.6 +/- 2.6 % 

      IHWP in: 71.9 +/- 2.5 % 

Spin dance for hall C (Feb 10)

Spin dance for hall C (Mar 26), Mott meas.:

Hall C - Polarization: (+71.99 +/- 1.46(stat) +/- 0.86(sys)) % - waveplate IN

Hall C - Polarization: (-72.02 +/- 1.41(stat) +/- 0.86(sys)) % - waveplate OUT

Hall B - Polarization: (+71.98 +/- 1.46(stat) +/- 0.86(sys)) % - waveplate OUT

Hall B - Polarization: (-74.67 +/- 1.49(stat) +/- 0.89(sys)) % - waveplate IN
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Figure 1: Beam polarization as a function of time measured by the hall C Moller during the G0 run (January-April 2004).

5. Lasers and optics    

· 2003:

Jan: halls A and B: diode at 840 nm

        hall C: Tiger 1 (840 nm)

        beam splitter

Feb 24: hall A diode (840 nm)


 hall B diode (840 nm)


 hall C diode (770 nm)

Apr 9: re-install hall A IA

Analyzing power meas (May 7): 

Toptica installed for hall C (07-22)

Install MERRY on gun 3, June 17, PIPPIN on gun 2, polarization flipped sign 

Hall A profile adjustment (Nov 12)

Laser beam profile meas. (Nov 13)

Laser beam profile meas. (Dec 3)

Measured wavelength, align PC, (Dec 9)

Change hall C wavelength to 850 nm (Dec 9)

Optimize hall C laser power 

Lost G0 lock (Dec 21)

Install new Tiger 2 (Dec 23) for hall A

· 2004:

Spot size meas. (Jan 6):


Hall A: 500 +/- 10 microns


Hall B: 390 +/- 20 microns


Hall C: 1590+/- 30 microns

Summary of laser spot sizes 11-12-03 to 13-01-04 (polog 1189640)

Turned off the hall A ocelot (Feb 9), hall is down for repair

Air conditioning unit in the hut fails, Tiger still locked (Feb 27)

Powermeter re-alignment (Mar 11) 

Turned the hall A ocelot back on (April 1)

Hall A IA cell re-alignment (April 7)

Analyzing power meas (May 12):


Hall A (780 nm): AP~4%


Hall B (840 nm): AP~11%


Hall C (850 nm): AP~12%

Air conditioning unit in the hut fails (May 14)

Laser work to use the SL (May 18):

Remove hall C Tiger laser, install old 770 nm diode 

New seed for hall B (655 nm)

HAPPEx laser work (Jun 7-8)

Accommodate switch to gun 2:


Change hall A ocelot wavelength from 780 nm to 850 nm

Hall C ocelot starts to have problems (oscillation between 2 modes), Jul 12

Then its pulse structure is bad (Jul 13), replaced by the old 770 nm diode

(FYI: water chiller failed the same day)

Laser hut dismantled, laser room being installed

Injector AC unit begin installed

6. Vacuum

John’s UHV pump supplies were installed (Aug through Dec 03).

Chopper slit fixed (Dec 15, 2003)

GUN 3 rework during March 03 downtime:


Replaced the cathode electrode (installed RED from Vgun)


Added a bakeable valve to the NEG pump chamber 

GUN 2 rework during fall 03 shutdown (aka the Isabel disaster):

10 NEG pumps removed and replaced by new ones, new GP100 cartridge

Replaced the cathode electrode

Replaced NEG tube with 2 solenoids

GUN 3 rework during summer 04 shutdown:

10 NEG pumps removed and replaced by new ones

Replaced cesiator, leak valve, cathode electrode (YELLOW was installed)

Replaced NEG tube 

7. Wafer QE scans

Figures 2 through 57 display the QE scans, which were run from both guns over 19 months. Of particular interest are figures 48 through 57: they show the QE evolution of the un-anodized superlattice photocathode installed in Gun 3 in March 2004. The QE degradation seen during its use (May-July) has been the fastest seen at Jlab over the past 4 years (at least). The degradation in the center of the photocathode was not restored by the activations. Then as the laser spot was moved across the wafer, very clear QE holes were created around the central depletion. Two factors may be responsible for this short lifetime: 

· the vacuum conditions in the gun have worsen over the years and yield to a very poor lifetime (see last section and ref. [1]),

· the active area of this photocathode is much larger than usual (~13 mm versus 5mm), inducing more outer radius electrons.
a. Gun 2 scans

· 2003:
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Figure 2: Feb 14, left: hall A (850 nm), right: B (840 nm), center: hall C (850 nm).
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Figure 3: Mar 3, left: A laser (850 nm), right: B laser (840 nm), center: C laser (770 nm). 
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Figure 4: Mar 18; A laser (850 nm).

[image: image11.png]=lolx|

Ble Edt Vew Go Bookmarks Took Window el

B:k -2 Rf-‘?ad | N Yoy rper—————————r Sy [

print

Arione | Wsccknaris £Webttsl £Colonder £Raio £Pecple £ elowPages £ vonrioad £ Custonic
STy T AT Tt "

Figure 1
() ACTIVE FILE: | fesiopiiocsiD,
1600 1
() MESSAGES: PHYSICA fini
.0
1500 CHOOSE FILE
0
& VIEW FILE
o .0
" 1400 QE-PLOT
i 0
' Help
0
1300 4 QuIT |
.0
0 Gun: A~ PGz

T T T T
1200 1300 1400 1500
X Stage User: A~ Hall A

Laser: ~ Diode

Photons: P= 218  mwW

View: %= |1350 ﬁ
3

i &b 2 B3 & | Done =0=| =




[image: image12.png]7 He Edt
L -
Back

Vew Go Bookmerks Took Window Help

>

3

Reload

=lolx|

| N Ty ryeer——————— | 5earch| ;,:m‘t T

7| Zrone | fsootmats LWebttel £ caendr £rado £ pecre £vchonPages £0owlad £ Cusionice

Entry generated from QE-Tool (v3.4). Comments to grames@jleb.org

Figure 1

i

Y Stage

1600

1500 4

1400

1300 4

T T T T
1200 1300 1400 1500
X Stage

ik db 2 B3 &3

itpjopweb. accab.org/CSUEApps/elog02ielog_item. phpelog_id=112531

() ACTIVE FILE: icsiopliocsiD:
() MESSAGES: | PHYSICA fini
O cuooserie
g VIEW FILE
.0
GE-PLOT
.0
Help
0
aurT |
.0
0 Gun: PGz F
User: < HallA
Laser: ~ Diode
o]
»
Fo-[ = (&





[image: image13.png]=lolx|

[ Bl Edt Vew Go Bookmerks Toos Window Hep

B:k -2 Rf-‘?ad | N Yoy rper—————————r Sy [

print

7| Shome | bBookmarks viebial o Calendar #Rada £ People £ YellwPages £ Download £ Customize.

5|
Entry gemerated from QE-Tool (v3.4). Comments to gramesdileb.org
Figure 1
.7 ACTIVE FILE: | fesiopiiocsiD,
1800 +
{5 MESSAGES: | PHYSICA fini
6
1500 4 CHOOSE FILE
5
& VIEW FILE
" 1400 A QE-PLOT
i 3
: Help
2
1300 4 QuIT |
2
. . . . 1.Gun: A PGuz o F
1200 1300 1400 1500
X Stage User: + HallA
Laser: ~ Diode
Photons: P= 0268 mW.
< o

% b 2 E3) & | Done =reiE=y =





Figure 5: May 7; left: hall A (850 nm), right: hall B (850 nm) lasers, center: hall C (780 nm) laser.

[image: image14.png]=lolx|

Ble Edt Vew Go Bookmarks Took Window el

B:k -2 Rf-‘?ad | N ey rymer———————— ey [

print

7| Shome | bBookmarks viebial o Calendar #Rada £ People £ YellwPages £ Download £ Customize.

TN JENETATEN TrON QIS TanT (3T CommE gramesTY TR oY |
Figure 1
.7 ACTIVE FILE: | fesiopiiocsiD,
16800 5 MESSAGES: | PHYSICA in
5
1500 4 c CHOOSE FILE
“g,, VIEW FILE
& 14007
@ A4 GE-PLOT
P 3
1300 ) Help
2
QuUIT |
1200 2
; ; ; ; ; 10Gun: PGz F
1100 1200 1300 1400 1500
X Stage User: < HallA
Laser: ~ Diode
Photons: P= 28 mW
View: X= 1300 -
, i

i &b 2 B3 & | Done =0=| =




[image: image15.png]=lolx|

Ble Edt Vew Go Bookmarks Took Window el

B:k -2 Rf-‘?ad | N ey ryer———————r ey [

print
7| Shome | bBookmarks viebial o Calendar #Rada £ People £ YellwPages £ Download £ Customize.

Entry generated from QE-Tool (v3.). Commencs to gramestilas.ory
Figure 1
() ACTIVE FILE: icsiopliocsiD:
() MESSAGES: | PHYSICA fini
1600 4
O cuooserie
g, 15007 O VIEW FILE
3
7 0
¢ GE-PLOT
> 14004 0
Help
N |
aurT
1300 +
.0
T 0 Gun: PGz F

T T T
1200 1300 1400 1500
X Stage User: A~ Hall A

Laser: ~ Diode

—
Rl f

% b 2 E3) & | Done =l





[image: image16.png]=lolx|

Ble Edt Vew Go Bookmarks Took Window el

B:k -2 Rf-‘?ad | N ey rymer——————— Sy [

print

7| Shome | bBookmarks viebial o Calendar #Rada £ People £ YellwPages £ Download £ Customize.
TNTTY JEMETSTEN TEON UL ool (V3 AT COmmE YrENEST I Or Y =|

Figure 1
() ACTIVE FILE: icsiopfiocsiD:
1800 () MESSAGES: | PHYSICA fini
.0
1500 4 CHOOSE FILE
& O VIEW FILE
g
o= 1400 +
¢ 9 GE-PLOT
i 0
1300 ) Help
0
quIT |
1200 + 0
T T T T . 0 Gun: PGuz
8OO 900 1000 1100 1200
X Stage User: + HallA
Laser: ~ Diode

Photons: P= 413  mwW

View: %= |1000 ﬁ
3

% b 2 E3) & | Done =reiE=y =





Figure 6: May 23; left: hall A (840 nm), right: hall B (840 nm), center: hall C (770 nm).
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Figure 7: left: June 2, hall C (770 nm) laser; right: June 11; hall A (840 nm) laser.
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Figure 8: left: June 23, hall B (840 nm); right: June 26, hall C (780 nm).
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Figure 9: July 7, left: hall A (840 nm); right: hall C (780 nm).
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Figure 10: Aug 5, left: hall A (840 nm); left: hall B (840 nm), center: hall C (780 nm).
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Figure 11: Aug 12, left: hall 1 (840 nm), right: hall B (840 nm), center: hall C (780 nm).
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Figure 12: Aug 18, left: hall A (840 nm), right: hall B (840 nm), center: hall C (780 nm).
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Figure 13: Oct 7, after re-activation, hall B (840 nm).
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Figure 14: Oct 14, hall A (780 nm), left: Oct 14, right: Oct 21.
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Figure 15: Nov 4, left: hall A (770 nm), right: hall B (840 nm).
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Figure 16: Nov 10, hall B (840 nm).
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Figure 17: Nov 12, left: hall A (770 nm), right: hall B (840 nm), center: hall C (840 nm).
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Figure 18: Dec 1, hall C (840 nm).
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Figure 19: Dec 9, hall B (840 nm).
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Figure 20: Dec 20, hall B (840 nm).

[image: image44.png]File Edit View Go Communicator

" Bookmrks 4 Locaton: [ctp. //opweh ace. j1ab. org/CSUEApps/s1ogU2 /e1og_iten. phpTeLog_id-1137645

<« w 3

Back Reload

s

Hame

2w 3 & 3
Seach Newcape  Pint  secuity

7| £ SPIRES £ Google £ ELog £ Folog £ Me £ Pager £ Injie £ Consulat 4 Photos ¢ update

nents to granes@jlab.org

0309:56.dat

sfile.

393

356
hee d

1=
VerGun . BTLLPEG

. Hall© ~ None

R= 255

%

Ttour Plot

0309:56.dat

Y Stage

Comments:

1200 +

1100

1000 4

900

800+

T T T T T
1300 1400 1500 1600 1700
X Stage

last plot had error in power - this one is correc|

.05
04
.04
04
.03
.03
02
.02
02

POLOG

%

.05

B 8P

Help
@ vinats Related £




[image: image45.png]QE-TOOL: Locatio P aser=Diod all A - Mozilla =10l x|
P B £k Yow G funatc Tods tinn tob
B?;k - FD%;M - Reﬁd s%fv [ & betp:ffopmeb. accjab.orolCUEAppsielog02ielon.tem.phpelog_id=113¢ ¥ g Search P”{: ~ Wik
7| Zhriome | sookmarks webiisl £ Calendar £ Radic £ Fecrle £ Velow Pages 2 Dowrload A Custonize.
1300 H
0
B 1200 4 F -0
v g g 0
= 2 1100 | H Ko}
.0
.
1000 - H 01
.01
900 H
T T T T 01
1300 1400 1500 1600
X Stage
200
Before reactivation| POLOG
f
[ & Z B3 @ | oone





Figure 21: Dec 24, left: hall A (770 nm), right: hall B (840 nm).
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Figure 22: Jan 6, left: A laser (780 nm), right: B laser (840 nm), center: C laser (850 nm). 
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Figure 23: Jan 9, B laser (840 nm). 
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Figure 24: Feb 2, left: A laser (780 nm), right: B laser (840 nm), center: C laser (850 nm).
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Figure 25: after fresh activation Feb 2, left: A laser (780 nm), right: B laser (840 nm), center: C laser (850 nm). 
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Figure 26: after fresh activation, Feb 9, right: B laser (840 nm), center: C laser (850 nm). 
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Figure 27: after Gun 3 bakeout, Mar 10, right: B laser (840 nm), center: C laser (840 nm). 
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Figure 28: Apr 7, right: B laser (840 nm). 
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Figure 29: May 19, right: A laser (780), B laser (655 nm), center: C laser (770 nm). 
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Figure 30: July 7, A laser (851 nm), B laser (655 nm), C laser (780 nm) since May 19 reactivation.
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Figure 31: July 13, A laser (851 nm), C laser (780 nm) after replacing the hall C laser. 
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Figure 32: July 23, A laser (851 nm).
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Figure 33: Feb 14, left: hall A (850 nm), right: hall B (840 nm). 
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Figure 34: Mar 3, left: A laser (850 nm), right: B laser (840 nm), center: C laser (770 nm) before re-activation.
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Figure 35: Mar 3, left: A laser (850 nm), right: B laser (840 nm), center: C laser (770 nm) after re-activation.
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Figure 36: May 28, left: A (840 nm) laser, right: C (770 nm) laser (FSD trips during the scan).
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Figure 37: July 7, left: hall 1 (840 nm); right: hall C (780 nm).
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Figure 38: Aug 5, left: hall A (840 nm); right: hall C (770 nm).
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Figure 39: Aug 12, hall A (840 nm), left: Aug 12, right: Aug 18.
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Figure 40: Sep 17, left: gun 3 after re-activation, left: hall A (770 nm), right: hall B (840 nm).
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Figure 41: Oct 14, hall B (840 nm).
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Figure 42: Oct 15, left: gun 3, left: hall A (780 nm), right: hall B (840 nm).
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Figure 43: Oct 21, hall B (840 nm).
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Figure 44: Oct 30, left: hall B (840 nm), right: hall C (840 nm).
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Figure 45: Nov 3, left: hall A (770 nm), right: hall B (840 nm).
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Figure 46: after fresh activation, superlattice, Mar 11, A laser (780 nm).
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Figure 47: superlattice, May 11, A laser (780 nm) after seating in vacuum unused.
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Figure 48: superlattice, May 19, A laser (780 nm), B laser (658 nm) and C laser (780 nm).
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Figure 49: superlattice, May 20, A laser (780 nm) after laser work.
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Figure 50: superlattice, June 7, A laser (780 nm) after ~2 weeks of running.
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Figure 51: superlattice, June 7, A laser (780 nm) and C (773 nm) after fresh reactivation.
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Figure 52: superlattice, June 18, A laser (780 nm) and C (773 nm) 11 days after reactivation.

[image: image107.png]oomHn R E, Em e =)

SEREEEy ERREEEE

SAREERE

[ Bl Edt Vew Go Bookmerks Toos Window Hep

B?.(k 'Faa;a B Re%a Sfﬂip [ potpfopweb.ace.fab.crgiCSUEApps/elogzielog_tem phrelog_id=1224107 /[ seoren] pn{: -

ABome | Wsooknaris Locterg £Puotestsukls Cirpoted I Favortes £ Thomas effersonil.. 42 Polried Index o 666 4 SPIRES HEP Dtabas.. 4 ElctoncLoghook

QE-TOOL: Location=Tunnel, Gun=PGUN2, Laser=Ti:Sapphire, User=Hall A -
13Jul0413:04  M_Baylac POLOG
Entry generated from QE-Tool (v5.2). Comments to grewes®ileb.org

ADC_gain = 1439.6, ADC_offset = 360.8

Figure 1

T T T T
1100 1200 1300 1400 15
X Stage

6 &b 2 B8 @ Done





Figure 53: superlattice, June 22, A laser (780 nm).
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Figure 54: superlattice, June 26, A laser (780 nm).
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Figure 55: superlattice, June 28, A laser (780 nm).
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Figure 56: superlattice, July 1, A laser (780 nm).
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Figure 57: superlattice, July 6, A laser (780 nm), B laser (655 nm) and C laser (773 nm).

8. Guns performances   

A total charge exceeding 600 C was extracted from the cathode over the year 2003 (figure 60) and more than 650 C in the first half of 2004 (figure 66) for beam delivery for the physics program. The quantum efficiency was monitored with each laser approximately every day of operations (figures 58&64). Figures 58&64 also indicate the two periods of machine shutdown (spring and summer/fall), the times when a new cathode location was used (dashed lines), the switches between the 2 guns and the wafer activations. As was seen in the previous years on the Jlab photoinjector, the QE is increased, but not fully restored, after each spot move before being degraded again whereas an activation does restore the maximum QE obtained from a new wafer. In 2003, hall C was running unpolarized program up to the start of the G0 run: the hall C QE was ~0.8% for the 1st part of the year and then about 0.15% for the G0 run. Hall B was using polarized beam all year long with QE~0.15%. Hall A was running polarized beam until the fall 03 shutdown then unpolarized beam with increased QE around 0.8%. In 2004, hall A was running unpolarized beam, then was down for ~ 3 months in the spring to repair their septum magnet and then used polarized beam for their parity violation program. Hall C finished the G0 run with high polarization beam, was down after the end of this run for a few month and then received polarized beam until the shutdown. Hall B used unpolarized beam most of the time.

Figures 61 through 63 display the QE measured in 2003 per hall as a function of the total (ie: all 3 beams) extracted charge. By fitting each period where beam was originating from a single spot and under similar conditions (same gun, same location, same wavelength, same spot size) with a simple exponential decay, we can estimate the lifetime associated to each beam. During the early part of 2004, there was a bug in the QE measurement, which yielded to inaccurate laser power, and therefore, QE measurements. This is apparent on figure 64 where QE data are scattered for all 3 beams. No lifetime was estimated for that period. The average lifetime for the hall A beam is ~ 90 +/- 40 C with gun 2 and 30 +/- 1 C for gun 3. The average lifetime for hall B beam is ~280 +/- 160 C with gun 2 and ~ 50 +/- 1 C with gun 3. The average lifetime for hall C beam is 123 +/- 43 C with gun 2 and ~34 +/- 2 C with gun 3. It started during that year to become obvious that the lifetime in gun 3 was poor. Figures 67 through 71 show similar data for the year 2004. The lifetime for the hall A beam is ~ 220 +/- 10 C with gun 2 and 7 +/- 2 C for gun 3. The average lifetime for hall B beam is ~320 +/- 70 C with gun 2 and ~ 20 +/- 5 C with gun 3. The average lifetime for hall C beam is ~200 +/- 75 C with gun 2 and ~9 +/- 3 C with gun 3. The lifetime trends are consistent over the 2 years: lifetime in gun 2 is high and increasing with time whereas lifetime in gun 3 is poor and getting worse with time.

A superlattice sample was loaded into gun 3 and used in 2004. The polarization from this wafer was the highest ever measured at Jlab (~85% by the hall A Compton) but the lifetime was so poor that running from this gun for the parity experiment HAPPEx (H and He) was abandoned after the 1st part of the run. The bad lifetime in gun 3 as measured in 2003, was enhanced by the unanodized superlattice wafer in the gun.    

· 2003:
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Figure 58: Quantum efficiency measured daily with each laser over the year. The dashed lines indicate spot moves.
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Figure 59: Laser power used for the daily QE measurement for all 3 lasers.
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Figure 60: Cumulative charged extracted from the photocathode over time.
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Figure 61: Lifetime expressed in Coulombs with the hall A beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.5% is the spot number.
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Figure 62: Lifetime expressed in Coulombs with the hall B beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.035% is the spot number.
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Figure 63: Lifetime expressed in Coulombs with the hall C beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.05% is the spot number.

· 2004:
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Figure 64: Quantum efficiency measured daily with each laser over the year. The dashed lines indicate spot moves.
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Figure 65: Laser power used for the daily QE measurement for all 3 lasers.
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Figure 66: Cumulative charged extracted from the photocathode over time.
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Figure 67: Lifetime expressed in Coulombs with the hall A beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.5% is the spot number.
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Figure 68: Lifetime expressed in Coulombs with the hall B beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.035% is the spot number.


Figure 69: Lifetime expressed in Coulombs with the hall B beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.035% is the spot number.


Figure 70: Lifetime expressed in Coulombs with the hall C beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.05% is the spot number.


Figure 71: Lifetime expressed in Coulombs with the hall C beam per spot. The dashed lines indicate spot moves, the number indicated at QE=0.05% is the spot number.

Below are given some data regarding Gun 3 dark lifetime before the NEG pumps were replaced: in 2003 and for comparison, in 2002:

2002

Used in 2002 until March 2002 shutdown, activated in July 2002

	QE (770 nm)
	QE (840 nm)
	When?

	1.32%
	0.14%
	July 02

	0.58%
	B=0.08% / A=0.04%
	Dec 02


5 months unused: QE dropped by ~ half

2003
	QE (770 nm)
	QE (840 nm)
	When?

	Fresh= 0.8%
	0.15%
	May 27

	
	0.03%
	June 17

	Fresh=0.8%
	0.13%
	June 17 /BEAM

	
	0.08%
	June 23 / BEAM

	Fresh=0.8%
	0.14%
	July3

	0.2%
	0.03%
	July 22


3 weeks unused: QE dropped by a factor of ~ 4

During the 4 months of the G0 run in 2004, the QE and the beam polarization were monitored continuously. As seen on figure 72, the QE drop was not significant enough to generate a measurable increase of beam polarization.   


Figure 72: Beam polarization and QE as a function of time measured by the hall C Moller during the G0 run. 
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