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Operational Source 

 

24 x 7 operation 

20 day average lifetime 

200-300 μs pulse length 

50 Hz 

35 keV 

35 mA @ RFQ 
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3D Finite Element Model 

of the Ion Source using 

ALGOR. 
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ΔT= 73 ºC 

 

ΔT= 39 ºC 

 

Transient Solution 
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Long term stable running at 60 A 

2.2 ms 50 Hz is now possible 

Re-engineer bulk PS 



H– Beam Current 

•Hydrogen timing has 

been fully investigated 

including double pulses 

•Neither caesium or 

hydrogen settings can 

mitigate this droop 





Transient 3D FEA 

calculations of electrode 

surface temperature  

Higher discharge currents 

↓ 

Greater surface temperature rise during the pulse 

↓ 

Surface Cs coverage pushed away from optimum  

Discharge Power 
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Extraction 
 

Extraction and Transport 
 

Voltage, Geometry and Meniscus 

Increase voltage from 17 to 25 kV 

Work in progress… 
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Sector Magnet 
 

Magnet Redesign 

Dipole has a focusing component 

Magnetic Field Gradient Index, n 
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Significant improvement 

in emittance  

Size of good field region increased 

Beam expands under space charge 

Exact degree of compensation unknown 

Optimum field gradient index n = 1.2  

determined by experiment 



Post 

Acceleration 
 

Optimize Gap 

0.50

0.52

0.54

0.56

0.58

0.60

0.62

0.64

0.66

0.68

0.70

0 10 20 30 40
Electric Field [kV/mm]

n
o

rm
. 
rm

s
-e

m
it

ta
n

c
e

, 
1

0
0

%

xx' emittance
yy' emittance

Minimum emittance growth occurs for a 

post acceleration field of 9 kVmm-1  

17 kV PA Voltage 

Measured 355 mm from Ground Plane of PA Gap 

11 kV PA Voltage 25 kV PA Voltage 

Constant 10 kV Extraction Voltage 23 mA H- Beam Current 

19 kV PA Voltage 

5
5
.0

 m
m

 P
A

 G
a
p
 

9
.2

 m
m

 P
A

 G
a
p
 

2
.5

 m
m

 P
A

 G
a
p
 

2
.0

 m
m

 P
A

 G
a
p
 

12.5 kVmm-

1 

9.5 kVmm-1 8.5 kVmm-1 5.5 kVmm-1 

10 kVmm-

1 

7.6 kVmm-

1 

6.8 kVmm-

1 

4.4 kVmm-

1 

2.7 kVmm-

1 

2.1 kVmm-

1 

1.8 kVmm-

1 

1.2 kVmm-

1 

0.5 kVmm-

1 

0.4 kVmm-

1 

0.3 kVmm-

1 

0.2 kVmm-

1 

In
c
re

a
s
in

g
 P

o
s
t 

A
c
c
e
le

ra
ti
o
n
 G

a
p
 L

e
n
g
th

 

Increasing Post Acceleration Voltage 



1.2 ms 60 A discharge, 19.6 kV extraction 

voltage, 65 keV beam, 180°C caesium 

oven, 16 mLmin-1 H2 



Horizontal 0.49 

πmm.mRad (rms norm.) 

Vertical 0.29  

πmm.mRad (rms norm.) 



2.2 ms, 64 A discharge, 19.6 kV extraction 

voltage, 65 keV beam, 190°C caesium 

oven, 16 mLmin-1 H2 





















Is NF3 the answer? 



Thermal cut out switches now 

prevent caesium accidents 

Caesium oven 140-190°C 

Transport line 300°C 
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Chinese Spallation Neutron Source ESS Bilbao 




