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Nuclear power 
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 The long-term threats facing humanity

- Climate change

- Exhaustion of energy

 Nuclear power  

- The practicable alternative

- Strong advantage and strong drawback  

 Nuclear power drawback

- Chernobyl disaster (Supercritical)

- Radiation active waste 

• 원료=우라늄 238(96%)+우라늄235(4%)

(자연상태우라늄: U238(99.3%))

핵분열 Chain Reaction
평균 2.6개

핵=양성자(red)+중성자(blue)
중성자는 핵반응의 필수요소

T.-Y. Lee, ADS meeting, PAL



Accelerator Driven System (ADS)
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T.-Y. Lee, ADS meeting, PAL



Requirement for ADS
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Adrian Fabich, SCK CEN, IPAC20



Requirement for ADS
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Adrian Fabich, SCK CEN, IPAC20



Two options for ADS
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 Our working group has been performing two options: Cyclotron (this presentation) and Linac (Prof. Chung).

 Each option has their own advantage and disadvantage.  
[Linac]

Large scale

Expensive

Easy to get energy 

SC

Depend on SRF

C-ADS / MYRRHA

…

[Cyclotron]

Simple

Cost-effective

Limit to get energy

NC or SC

Good reliability

PSI / Texas A&M

…



 No budget but working group on study stage.

 PAL: Design, Beam dynamics, RF, Vacuum, etc.

- S. Shin, G. Hahn, J. Hu, B. Oh, T. Ha 

 SNU: HTC SC magnet

- S. Hahn, J. Park

 KERI: SC magnet

- J. Cho, 

 KBSI: Ion source

- B. Lee, J. Park

JINR, NFRI, UNIST: Review and magnet design

- H. Kim, M. Chung

 Research exchange association for cyclotron: SKKU, IBS, KBSI, KAERI, SNU, KU, KERI, PAL, UNIST 

Working group in Korea
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Beam dynamics program I
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 Equilibrium orbit program with second order transfer matrix.

 This program might be necessary on high vertical focusing field for ADS.

 Collaboration result between PAL and UNIST 



Beam dynamics program II
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 PAL: Particle Accelerator Library by Garam Hahn.

 2D/3D Vector analysis, 4D interpolation, RK4 tracker, etc.

 Apps: Beam line tracker, EQ orbit finder, FANA, G4KHIMA, etc.



Preliminary design study
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 Key Concepts: No Insulation (NI) / Multi-Width (MW) / Cryocooling

 Electromagnetic Design: Parameter Sweep for Main Yoke

 Electromagnetic Design: Hill Yoke Design toward isochronous field

 Mech. Analysis with Force Balance Equation: Peak Strain < 0.33 %

 Preliminary Quench Analysis: 168 K Rise, 4.3 MN Unbalanced Fource



0.3 MW Cyclotron
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 Good candidate on Flash therapy 

 Also good candidate on high power injector

 First step: Proto-type low energy high current Cyclotron ( 10 MeV, 1 mA , proton) 

 Second step: 0.3 MW cyclotron for Flash therapy as well as injector for ADS 

A. Patriarca, Institut Curie, IPAC20



3 MW Cyclotron
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 Third step: 3 MW main cyclotron for ADS 

 Multi layer separated-sector cyclotron by Dr. H. Kim and Prof. J. Chai (SKKU)

- increasing the maximum beam current by two layers and double frequency RF system (four injector)

- low cost but high power efficiency 

- 750 MeV Proton  with 4 mA beam current  

H. Kim (NFRI)



Thank you!
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