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Abstract 
Electron beam with high bunch charge and high repeti-

tion rate is required for electron cooling of ion beam to 
achieve the required high luminosity of proposed electron-
ion colliders. Improved design of the -300 kV DC high 
voltage photogun at Jefferson Lab was incorporated toward 
overcoming the beam loss and space charge current limita-
tion as experienced in the original design. To reach the 
bunch charge goal of ~ few nC within 75 ps bunches, the 
existing DC high voltage photogun electrodes and anode-
cathode gap were modified to increase the longitudinal 
electric field (Ez) at the photocathode. The anode-cathode 
gap was reduced to increase the Ez at the photocathode and 
the anode aperture was spatially shifted with respect to the 
beamline longitudinal axis to minimize the beam deflec-
tion introduced by the geometric asymmetry of the inverted 
insulator photogun. The electrostatic design and the beam 
dynamics simulations were performed to determine the re-
quired modification. Beam based measurement from the 
modified gun confirmed the reduction of the beam deflec-
tion which is presented in this contribution. 

INTRODUCTION 
DC high voltage photo-guns have been employed by ac-

celerator facilities to produce both polarized and non-po-
larized beam for different application. The Continuous 
Electron Beam Accelerator Facility (CEBAF) at Jefferson 
Lab uses a DC high voltage photogun to produce highly 
polarized electron beams at currents ∼100 μA and sub-pC 
bunch charge for nuclear physics research [1,2]. Other ap-
plications that employ DC high voltage photoguns and typ-
ically require very high average current (mA) and high 
bunch charge (>100 pC) include free electron lasers (FELs) 
[3-6], energy recovery linacs (ERLs) [7,8], and electron 
cooling [9-10].  

The majority of these photo-guns have a Pierce geome-
try at the cathode front to focus the beam [11,12]. In addi-
tion, inverted insulator geometry photoguns like the Jeffer-
son Lab design serve to connect the high voltage cable to 
the cathode electrode, and have a shield to minimize the 
electric field at the insulator metal-vacuum interface 
known as the triple point junction [12]. However, the 

Pierce geometry reduces the Ez at the cathode, thus increas-
ing space charge effects and reducing bunch charge extrac-
tion. Additionally, the inverted insulator and triple point 
junction shield, asymmetric NEG pumps altogether intro-
duce asymmetric electric fields in the anode-cathode gap 
which then result in deflecting the beam vertically at the 
exit of the anode, causing difficulty in beam steering, and 
ultimately beam losses [11-14]. This work explored the 
beam based performance of the Jefferson Lab’s redesigned 
-300 kV photogun to address the above design issues. The 
electrostatic design of the modified photo-gun was 
achieved using CST Studio Suite’s electromagnetic field 
solver to obtain a higher Ez at the cathode while keeping 
the beam on-axis in comparison with the original photo-
gun [15]. Beam simulations were conducted using GPT 
software [16] implementing the electrostatic field map ob-
tained from the modified electrodes which are presented in 
detail by Wijethunga et al [17]. 

This contribution presents the beam based results from 
the redesigned photogun to confirm the beam deflection 
minimization in the offset anode design. 

MODIFICATION OF THE PHOTOGUN 

 
Figure 1: For the modified (flat) design: (a) front surface 
of the flat cathode that mates the spherical ball electrode 
and (b) the flat anode. The anode aperture (the hole at the 
center of the anode) is shifted by −1.6 mm. 

The 300 kV DC high voltage photogun at Jefferson Lab 
was redesigned to deliver electron beams with much higher 
bunch charge and improved beam properties. The modifi-
cations include removing the 25⁰ Pierce geometry of the 
cathode electrode and decreasing the anode–cathode gap 
from 9 to 5 cm to enhance the longitudinal electric field 
magnitude Ez from −2.5 to −7.8 MV/m. To correct the 
beam deflection with minimum changes, the anode offset 
with respect to the beamline longitudinal axis is incorpo-
rated. 
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Figure 2: Beamline schematic of the beam test stand used to drive the electron beam for the beam deflection study. 

 

To implement the offset anode, it is not easy to shift the 
whole anode as it breaks the symmetry of the anode mount-
ing flanges and the laser path. Therefore, after confirming 
how much shift is required, a new model was designed with 
only the anode aperture shifted by −1.6 mm while keeping 
the anode structure centered and aligned with the cathode 
and beam pipe. According to the simulations, both give the 
same results. Each electrode was polished to obtain a mir-
ror-like surface condition using various grades of sandpa-
per, diamond-paste polishing, and finally barrel polishing 
[18]. Figure 1 shows both electrodes. The two of the other 
four holes are for laser in and out and the other two for 
viewing the photocathode with a camera. 

EXPERIMENTAL VERIFICATION 
The required beam steering is measured for the modified 

design and compared to the original design in an experi-
mental beamline set up. The beamline consists of photo-
gun high voltage chamber, photocathode preparation 
chamber, cathode solenoid, laser system, three fluorescent 
YAG screens, four focusing solenoids and beam dump. A 
schematic diagram of the beamline is shown in Fig. 2 

The compact gun high voltage chamber includes an in-
verted insulator and spherical cathode electrode operating 
at or below -225 kV. An alkali antimonide (Cs3Sb) photo-
cathode deposited on GaAs substrate was used with full ac-
tive area of 6 mm radius and quantum efficiency (QE) of 
5.2% with 523 nm laser. The photocathode activation in-
volved steps of overnight heat cleaning at 450 °C and fol-
lowed by cooling to 120 °C. At this point, the Sb source 
was heated to get target partial pressure of ~ 1.5x10-11 Torr 
with 24 A current supply to the tungsten heater. Antimony 
is deposited for 10 minute to get very thin (<20 nm) layer. 
The Sb source was retracted and the heater supply was 
turned off. Meanwhile, the Cs effusion source was heated 
to reach 262 °C at the Cs reservoir (J-tube) and 200 °C at 
the dispenser tube. The effusion heater was maintained at 
300 °C. During heating of effusion source, the vacuum 
pressure increased from base pressure of 68 nA to 270 nA 
on the ion pump. The Cs partial pressure indicated on RGA 

was from 3.5 x10-10 to 7.8 x10-10 Torr over the duration of 
deposition. During Sb addition no photocurrent was de-
tected. During Cs deposition after 40 minutes the rate of 
rise in photocurrent appeared to increase and took about 
26 minutes to maximize the photocurrent. Afterward the Cs 
valve was closed followed by cooling down of the source 
and the puck. The photocurrent kept rising as the source 
cooled down and Cs being pumped down from the chamber. 
The optimized QE reached 5.2%. A fiber optic pulsed laser 
system was employed for driving electron beam from the 
photocathode. The photogun drive laser provided up to 3 
Watts of power at 533 nm, with 22 picoseconds rms optical 
pulses at 374.25 MHz pulse repetition rate.  

 
Figure 3: Electron beam for the redesigned photogun im-
aged on the first viewing screen 1 (a) with no beam steering, 
and, (b) beam centered on the first viewing screen with a 
very little steering by the first corrector set. For applied gun 
high voltage of -200 kV and laser spot of 0.35 mm rms size 
located at the center of the photocathode. 

The new photogun design was tested with electron beam 
to verify that the shifted anode (by −1.6 mm) produced an 
electron beam centered in the downstream beam-pipe and 
with minimal vertical deflection (Fig. 3). When operating 
the old photogun, to the center of the beam on the first 
viewing screen 1.5 m from the gun, two steering magnets 
located between the photogun and the viewing screen pro-
vided the necessary field integral of 80 G cm to kick the 
beam vertically upward. Only 20 G cm horizontal was nec-
essary to compensate for the deflection due to the NEGs. 
For the new design, less than 5 G cm was required (Table 
1) in both the vertical and horizontal directions to compen-
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sate for the background magnetic fields and any misalign-
ment in the gun and beamline. The required field integral 
for the two steering magnets were further investigated to 
center the electron beam on the viewing screen for different 
laser spot positions on the photocathode with 3 mm offset 
from the center. Less than 10 G cm of steering field (Table 
2) was adequate to center the electron beam on the first 
viewing screen. This is a clear indication of the minimiza-
tion of beam deflection in the new design compared to the 
original version. 

Table 1: Integrated Field (G cm) Applied on Horizontal 
and Vertical Steering Magnets to Center the Beam on the 
First Viewing Screen. Listed for the Original and 
Redesigned Photogun for the Laser Spot Positioned at the 
Center of the Photocathode 

Magnet Original Gun Modified Gun 
Horizontal 21.3 G cm -4.0 G cm 

Vertical 83.0 G cm   3.0 G cm 
 

Table 2: Integrated Field (G cm) Applied on Horizontal 
and Vertical Steering Magnets to Center the Beam on the 
First Viewing Screen. Listed for Various Laser Spot 
Locations on the Photocathode for the Modified Photogun 

Laser Spot 
Position 

Horizontal Vertical 

Center -4.0 G cm 3.0 G cm 

12 O’clock -3.2 G cm 5.0 G cm 

6 O’clock -8.0 G cm 0.8 G cm 

3 O’clock -9.6 G cm 3.6 G cm 

9 O’clock -6.0 G cm 3.0 G cm 
 

CONCLUSION 
The vertical beam deflection due to the asymmetric elec-

tric fields in between the anode-cathode gap of the Jeffer-
son Lab’s -300 kV photogun with inverted insulator geom-
etry was minimized after a relatively easy to implement 
modification in the original design. A modest downward 
shift of anode aperture by just 1.6 mm corrected the beam 
trajectory at the exit of the anode by eliminating the verti-
cal beam deflection experienced in the original design. 
This simple modification will benefit all photoguns with 
inverted insulator design by reducing beam loss at the an-
ode, thus improving the photocathode lifetime, particularly 
those at high bunch charge. Similarly, a horizontal beam 
deflection from asymmetry in electric field can be cor-
rected by introducing a horizontal offset in anode aperture. 
A tilted anode can also be used to accomplish the same 
goals of eliminating beam deflection, and that will be stud-
ied by the group in future. 
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