ASTeC

Performance of the ALICE ERL
photoinjector photocathode gun

Boris Militsyn
On behalf of the ALICE team

Accelerator Science and Technology Centre
(\x STFC Daresbury Laboratory

Alice

Accelerators and Lasers
In Combined Experiments



ASTeC

Outline

- ALICE Energy Recovery Linac overview
- ALICE photoinjector

- Photocathode gun design

.- Gun operation and lessons learned

- Photocathode performance in the gun
- Gun upgrade status
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ALICE ERL. Layout
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ALICE photocathode gun
Cathode ball

- Uses Cs:GaAs photocathode
Ceramic - 500 kV DC power supply
SFe - Single bulk-doped ceramic

Vessel removed

Cathode

- Good electrical performance

- Poor mechanical performance

uouoa/g

p RULELLELLERLERLERLERLERLERLRLERERERRERLE 5

I_ ﬁ'l- Ty M\III,IIMw,l!hh\hhllmhhhlll ;
Q
n
& XHV
Support Stem
Anode Plate

x Repeated failure of ceramic forced
use of spare 2-piece ceramic

x QOperating voltage limited to 230 kV
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Photocathode gun.
Assembly stage
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ASTeC Photocathode gun.

500 kV power supply
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ASTeC Photocathode gun.
Cathode electrode and

cathode stem
GaAs photocathode
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ASTeC Photocathode gun.
Dive laser

il

e Diode-pumped Nd:YVO,

e Wavelength: 1064 nm, doubled to 532 nm
e Pulse repetition rate: 81.25 MHz

e Pulse duration: 7, 13, 28 ps FWHM

e Pulse energy: up to 45 nJ (at cathode)

e Macropulse duration: up to 100 us @ 20 Hz

e Duty cycle: 0.2% (maximum)

e Timing jitter: < 1 ps (specified)
< 650 fs (measured)

e Spatial profile: Circular top-hat on
photocathode

e Laser system commissioned at Rutherford
Laboratory in 2005, then moved to
Daresbury Laboratory in 2006

L.B. Jones, Status of the ERLP Photoinjector
driver laser, ERL 'O7 proceedings



ce & Technology Facilities Council

ASTeC Photocathode gun.

Operation modes

Gun Gun Micropulse | Micropulse Train Train
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ACTaC Photocathode.

NF; activation in the gun in
February 2009
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2nd activation of a VGF wafer supplied by Mateck GmBH (Julich)
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NF; activation in the gun in
February 2009
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Peak Q.E. ~ 3.9 % at 532 nm
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Photocathode. Dark lifetime
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Photocathode. Performance in
the ALICE gun

Current photocathode is in operation since 2008

Best photocathode performance (highest Q.E. and best dark lifetime) have been
achieved using the Cs-NF; activation, however, activation success with NF; has
been inconsistent (no first-peak photocurrent response seen in some
activations, prompting a switch to O,)

NF; requires a higher partial pressure than O,, typically a decade higher with O,
in the mid 1019 mbar and NF; in the mid 10 mbar. This leads to a longer
vacuum recovery

The dark lifetime has not been specifically monitored since 2008, though gun
base pressure has improved significantly since.

O, is used as the default oxidant due to health & safety considerations

Re-caesiation take place typically every 7 to 12 days, having extracted ~ 0.3 C
charge

External connection to Cs source for fast re-caesiation (no SF; extraction
required)
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ASTeC Status of the ALICE
gun upgrade

Photocathode gun

Upgrade of the gun allows

» Reduce the down time required
for activation of the
photocathode and allows ALICE
for operation with higher bunch
charge.
= Remove activation/caesiation
procedure out of the gun
> Improve vacuum in the gun
> Reduce contamination of the
high voltage electrodes with
Cs and other products of ,
photocathode preparation Photocathode

= Make photocathode activation preparation facility 500 kV power
more controllable supply

= Allows for experiments with
different types of
photocathodes
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K.J. Middleman et al., PESP2010

18
16 —Q.E.
g 14 Cs Supply
Z 12 | —NF3PP
b
g 10
w
E 8
=
6
m
=3
o 4
2
0

0 1000

Kovar cathode
holder

Molybdenum
mount

2000 3000
Elapsed Time [s]

4000

GaAs photocathode
preparation facility

1E-07

- 1E-08

1E-09

Partial Pressure [mbar]

1E-10

et 1E-11

5000
Inconel
Spring

Titanium
base plate



Science & Technology Facilities Council

ASTeC

Summary

» ALICE photocathode gun is successfully operated since 2008
with “temporary” double ceramic insulator with reduced high
voltage of 230 kV in different operation modes

» Highest photocathode Q.E. seen in the ALICE gun when using NF;
(~3.9 %)

= Best dark lifetime seen in ALICE gun following re-caesiation of the
cathode activated using NF; (~ 900 hours)

e During current shutdown the temporary insulator is going to
be replaced with a newly brazed single ceramic unit after that
the operation voltage of 350 kV is expected.

* Installation of the gun upgrade has been postponed



