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Overview - System

 Background of equipment introduction

- In 2017, discussions on the introduction of a 14.5 GHz ECR ion source were initiated.

- The objective of the introduction was to achieve SCL(SuperConducting Linac) 3 initial beam 

conditioning through stable beam supply.

- After contacting several companies, we ultimately selected Pantechnik's Supernanogan from 

France.

- The initial beam specifications were set a/q 1 to 8 and a beam energy of 10 keV/u.

- The final implementation was confirmed in 2018, and the contract was signed in November 

2018.

- Since the installation was completed in September 2020, we have been conducting 

experiments on SCL3 conditioning and various ions.
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RAON 
Injector

Overview - System
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 Specification of Permanent magnet

 Binj : ≥ 1.15 T, Bext : ≥ 0.82 T,

Bmin : 0.45 T ≤ Bmin ≤ 0.55 T, Br : ≥ 1 T, Becr : 0.525 T

 RF TWT amplifier(ku-band)

 14.5 GHz 750 W(MAX) CW.

 Extraction beam specification

 Beam energy : 10 keV/u

 Maximum extraction potential : 80 kV(HV platform + plasma electrode)

 A/Q = 1 to 8

 Vacuum system

 700 l/s Turbo 3 ea, 80 l/s Turbo 1 ea, Normal vacuum level : 9E-9 mbar

 Injection system

 Oven, Sputtering, Gas, MIVOC(Metal Ion from Volatile Compound)

Overview – Specification 14.5 GHz ECRIS
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 Installation view @ PATNECHNIK in France

 For receiving the product, on-site tests were conducted to ensure compliance with the

specified requirements.

Overview – System installation
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Overview – System installation



7

Overview – System installation
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Overview – System installation
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2020
4Q

2021
1Q 2Q 3Q 4Q

2022
1Q 2Q 3Q 4Q

2023
1Q 2Q 3Q 4Q

2024
1Q 2Q

Inatallation
completed Overhall

Injector 
conditioning

Overhall
SCL3(QWR1-6)

conditioning
SCL3, KoBRA
Conditioning

Injector
conditioning

40Ar9+ 40Ar9+, 16O6+, 20Ne4+,(Proton)

SCL3, KoBRA
Conditioning

Test history

 After installation, the TWT amplifier malfunctioned, resulting in the inability to conduct experiments for approximately nine

months (currently awaiting spare parts).

 Rather than conducting self-tests at 14.5 GHz, we have focused on conditioning the beamline with a specific emphasis on

40Ar9+.
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(Approx. 30 euA, The result of a single experiment. )

(16O6+ Approx. max 100 euA)

(20Ne4+ Approx. max 150 euA)

(40Ne9+ Approx. max 150 euA)

Table. 1.The maximum extracted current for each ion provided by PANTECHNIK's supernanogan
(Our experimental results)

Specification of beam current
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HV platform

Permanent magnet
(Plasma chamber)

Quadrupole magnet

Beam diagnostic 
system

(wire scanner, FC1, 
Beam viewer) –

self made system

Solenoid magnet

Acceleration column

Dipole
magnet

RAON beam line(LEBT, 
RFQ, SCL3 and KoBRA)Plasma chamber

Einzel lensPlasma electrode

Puller electrode

Overview – System installation
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Injection chamber

  

Normal gas valve
Main gas

Support gas

Purge valve

Gas injection 
system

Injection
Cube

Overview – System installation

(Ultra dosing valve)
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Variable for beam quality in ECRIS

- The magnetic field of the 14.5 GHz ECR ion source is fixed.

RF
Frequency

and
Power

DC bias 
voltage

extraction 
electrode 
position

Gas mixing Etc..

- This is one of the prime examples among the numerous variables that influence the beam quality of the ion 

source.

- In the current 14.5 GHz ECR ion source at RAON, there are four adjustable factors. The extraction electrode 

position has been designed under fixed conditions and cannot be changed.

- While there are multiple variables to consider, experiments have primarily focused on RF power and gas mixing.
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Discussion of Experimental Results

Figure 1. Gas mixing effect(Main gas : Neon, Support gas : Oxygen)

- Figure 1 serves as an example of the gas mixing effect using a neon beam.

- It demonstrates that as we move towards highly charged ions, there is an increase in beam current, whereas for 

low charged ions, there is a trend for the beam current to decrease.
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Discussion of Experimental Results

(A) (B) (C)

1:9 3:7
6:4

Figure 1. Beam current characteristics according to gas mixing ratio(After fixing the support gas(oxygen), adjust the main gas(argon), RF power 
(A) Ratio : 1:9, (B) Ratio : 3:7, (C) Ratio : 6:4

- For low-charged ions, the increase in beam current with rising RF power was minimal, but it showed a 

significant increase with an increase in the main gas injection.

- Conversely, the beam current of the high charged ion had a greater impact on RF power and less on the 

proportion of main gas.
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Discussion of Experimental Results

Figure 2. Beam current characteristics according to gas mixing ratio(After fixing the support gas(oxygen), adjust the main gas(argon), RF power 
(A) 40Ar3+, (B) 40Ar9+, (C) 40Ar12+

(A) (B) (C)

- A, it becomes evident that low-charged ions exhibit minimal sensitivity to RF power, while higher current is 

achieved when the main gas ratio is higher.

- Conversely, Graph C, it is apparent that the impact of RF power is significant, and higher current is formed when 

the main gas ratio is lower.
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Discussion

 Gas mixing effect

- It is estimated that using a support gas with better ionization properties than the main gas can 

increase collision probabilities.

 Impact of RF power and gas mixing ratio on low charged ions and highly charged ions

- The increase in beam current with the increase in RF power is estimated to occur as each atom 

receives energy, leading to heating and effective ionization of the atoms. However, when the 

plasma density in the source increases, It is conjectured that a substantial number of electrons 

generated in the plasma combine with highly charged ions, resulting in their transformation into 

low-charged ions.

- On the other hand, when the plasma density is low, it is inferred that the probability of 

recombination of ejected electrons decreases, resulting in an increase in highly charged ions.
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 RAON beam line conditioning

- In 2020, after installation, we conducted initial conditioning tests for argon, oxygen, and neon 

beams.

- We conducted experiments with a focus on the overall beam line conditioning of RAON using 

40Ar9+. Unfortunately, experiments under various conditions could not be performed.

 ECRIS conditioning

- The gas mixing effect was observed for both Argon and Neon beam.

- In the case of charged ions, they are significantly affected by gas mixing, whereas for ions with 

low charge, the impact appears to be minimal.

- Furthermore, it was observed that the influence of increasing RF power on low charged beams 

is relatively lower compared to highly charged ions.

Summary
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 40Ar9+, 16O6+, 20Ne4+, Proton beam optimization

- In 2024, beam tests for SCL(superconducting Linac)3, KoBRA(Korea Broad acceptance 

Recoil spectrometer and Apparatus), and NDPS(Nuclear Data Production System) are 

scheduled.

- The top priority is to focus on achieving higher beam transfer efficiency and producing 

high-quality beams rather than just maximizing beam current.

 Plan for conducting a variety of beam characteristic tests

- We plan to systematically collect data on various characteristics, including RF frequency, 

extraction voltage configurations, and vacuum conditions, in addition to examining RF 

power and the impact of gas mixing.

Future plan
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Thank you
for your attention
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