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H+ Source 



CPI S-Band CKPA 

2.73GHz klystron 

2.45HHz Magnetron on its way. 



H+  ECR  

2.73GHz 

96.3 mT 

2 movable 

solenoids 

+ Tuner Control Unit 



Plasma Chamber 

TE111 resonance condition at 2.7GHz 

Diameter of 80mm and a length of 95.4mm 



The grey region is 

above the ECR 

value.  

Extraction Region: 

Minimize 

Magnetic Field 
Plasma electrode in  

ferromagnetic material 

Field map of the magnetic induction [T] 



Plasma electrode in  

non magnetic 

material 

Both calculations are 

represented at a different 

magnetomotive force but at 

ECR field at 150 mm. 

Very constant 

magnetic induction 

region in the plasma 

chamber 

BN disks 
To enhance the production of electrons 

Field map of the magnetic induction [T] 



96.3mT 

movable  

extraction 

electrode  

system 

2.73GHz MOPD37 



LEBT:low energy beam 

transport 

1.8 m 
75 keV 



Electrostatic? 

-SNS: two electrostatic einzel 

lenses 

 

-No space charge compensation 

-pre-chopping and angular 

steering 

 

Faded solid shapes depict the early 35-mA Startup 

LEBT.  

Open contours depict the 65-mA Production LEBT 



OR Magnetic? 

- Switching between the two ion 

sources within less than an hour. 

(99.5% availability). 

12cm SOLENOID 

0.4-0.6 T 

10cm QUAD 

0.2-0.3 T/m 



How 

many Solenoids? 



I from 0mA to100mA  

trace3D 

H- ➜ 

H+ ➜ 

D+ ➜  



Axisymmetric beam  ✔ 

Non-Axisymmetric beam  ✘ 

H+ ➜ 



How many 

Solenoids? 
Axisymmetric beam  ✔ 

Non-Axisymmetric beam  ✔ 

H+ ➜ 



How many 

Solenoids? 
Any kind of beam  ✔ 



Solenoid Design 



Solenoid Design 
4-10-4  

Different Radii  

configuration 



Solenoid Design 

Isometric view of the solenoid assembly On axis field for the solenoid 

with and without steering 

dipoles, for a current of 300 A. 



Section of the solenoid 

dipole assembly 
Section of the nested dipoles 

Solenoid Design 



Schematic of the cooling water connections to the solenoids, 

including the placement of temperature, pressure and flow 

transducers. 

Cooling 

Maximum power of 9 kW 

per solenoid 



Operating curves for a four solenoid system, the solenoids 

are connected in parallel and in each solenoid 1, 2 or 3 of the 

individual coils are connected in series, the blue trace 

corresponds to the temperature increase of the cooling water 

(righthand scale) for the corresponding flow rate 

Cooling 



Two examples of possible connection schemes, the individual coils in the 

solenoid are labeled 1 though 16. Top panel shows all coils connected to the 

manifold in parallel. Bottom panel shows sets of two coils connected in series, 

and the sets connected in parallel to the manifold. 

Cooling 

1 coil in series 

2 coils in series 



TURBOVAC 

MAG W 2200C, 

DN 250 CF/DN 

40 KF 

TURBOVAC 

MAG W 600 P  

DN 160 CF 

(Leybold) 

140 

TURBOVAC 

MAG W 600 P  

DN 160 CF 

(Leybold) 

TURBOVAC 

MAG W 600 P  

DN 160 CF 

(Leybold) 

Vacuum 





Diagnostics 

Lambertson dipole steerers 



Beam | Dynamics 



2D configuration 

search 

B1 B2 

αo ≈ 1  

βo ≈ 0.03m/rad  

αi 

βi  



2D configuration 

search 

B1 B1 

B2 B2 

B1 B1 

B2 B2 



4D configuration 

search 

B1 B2 B3 B4 

αxi 

βxi  

αyi 

βyi  

αxo 

βxo  

αyo 

βyo 



Pepperpot data set 

numpar: 10,000  

CSαxi: 1.4366 

CSßxi: 0.2940 m/rad  

CSαyi: 0.0726 

CSßyi: 0.1286 m/rad 

nemiyrms: 0.61818 π.mm.rad nemixrms: 0.57691 π.mm.rad 

Desired Output 

 

CSαxo = 1.008  

CSαyo = 0.978 

CSβxo = 0.027m/rad 

CSβyo = 0.0305 m/rad 



4D Search through 

Realistic Pepperpot 

data 

Trace2D+TRACK 



TRACK I=0mA  b=[0.256-0.106-0.603-0.328] 



TRACK I=10mA  b=[0.302-0.141-0.049-0.341] 



TRACK I=20mA  b=[0.341-0.189-0.050-0.354] 



TRACK I=30mA  b=[0.378-0.215-0.140-0.354] 



TRACK I=40mA  b=[0.392-0.250-0.180-0.361] 



TRACK I=50mA  b=[0.392-0.266-0.180-0.370] 



TRACK I=60mA  b=[0.400-0.280-0.200-0.370] 



TRACK I=70mA  b=[0.400-0.290-0.220-0.375] 



4D Search through 

Realistic Pepperpot 

data 

GPT 



• Simple Search 

Algorithm:4 nested 

cycles 

• Bi=[0:∂B:0.4] 

• Take ∂B=0.1T for 

instance, 5 possibilities 

per solenoid. 54=625 

total runs. 

• Take ∂B=0.01T for 

instance, 41 possibilities 

per solenoid. 

414=2,825,761 total runs. 

784hrs! 

(1month) 

Space Charge  

Matching Algorithm 



Space Charge  

Matching Algorithm 
• Evolutive Algorithm 

• Each universe will be 

made by: [Bi-∂B,Bi Bi+∂B]  

• A total of 34=81 

possibilities per node 

where ∂B will be adapting 

to the new solution. 

• Much quicker 

convergence. 



I=0mA  b=[0.18438-0.16562-0.0875-0.31719] 
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I=70mA  b=[0.4-0.26875-0.2125-0.36875] 
~

9
6
%

 e
m

itta
n
c
e
 in

c
re

a
s
e

 

1
2

 x
 8

1
: 

9
7

2
 c

a
lc

u
la

ti
o

n
s
 r

e
q

u
ir

e
d

 





RFQ | Transmission CS | Distance 



• Obtained Results are similar  

• It is more important to get a good match 

with ß than with α 

• A good seed required, otherwise «weak 

focusing» & «strong focusing» are 

indistinguishable. 

Conclusions 



• Ion Sources 

• LEBT Magnetic Design 

• LEBT Cooling system 

• LEBT Code/methodology comparison 

Summary 



Thank you 


