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Fusion Energy at a Turning Point
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KSTAR (~1억도, ~30초)
ITER ($6.1B initially) (cf, ~$6.7B for LHC)

> 75% construction (finally $45B - $65B)

CFS
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Not only Tokamak but also other Concepts
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field-reversed configuration (FRC): aneutronic fusion 
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8 Core Technologies for Fusion Reactor
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ITER 형 대형 토카막

(core plasma)

(SC magnet)

(heating and current drive)
(fusion material)

(breeding blanket)

(divertor)

(fuel cycle)

(safety and licensing)
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Roadmap by KFE
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 lithium containing ceramics, with a focus on lithium 
titanate and lithium orthosilicate, mostly in a pebble form
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Why Breeding Blanket?
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Why Breeding Blanket?
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Accelerators for Fusion-like Neutrons 
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Fusion-like Neutron Source
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[K. J. Jeong (SNU)]

 No proper facility to test and study 
blanket/devertor under fusion-like environment

Neutron flux: ~1014 n/cm2/s
Total dose > 100 dpa

Transmuted (gaseous)

Log-Log scale
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History of Accelerators for Fusion Materials

2023 KNS 11

1975~

IFMIF(EU-JP BA): similar cost as SNS ($1.4B) or ESS (€1.8B)

IFMIF-DONES(EU), A-FNS(JP), CMIF(CN), FPNS(US) etc.: half of IFMIF

*To meet the average beam current on the order of 100 mA,  CW is advisable
(but, not as critical as in ADS)
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Recent Trends Worldwide
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 The requirements for the early phase of the neutron source are significantly reduced, opening the possibility 
of a staged approach to IFMIF in which its construction can be developed in phases, with the first one focused 
only on DEMO needs (max ~20 dpa initially, followed by max 50 dpa in a second phase).

Facility Beam Beam 
energy

Beam
current

Beam
Power Target Beam spot 

at target Neutron flux Remark

GANIL-
SPIRAL2
(France)

H+, D+,
Heavy ion

CW or Pulse
40 MeV 5 mA 200 kW

Solid Li (thin)
Be/Carbon 

(thick)
~10 cm2 ~1015 n/s

Neutron For Science (TOF, 
possible fusion-relevant exp.), 
Super Separator Spectrometer 

SARAF-
PHASE2
(Israel)

H+, D+

CW or Pulse 40 MeV 5 mA 200 kW LiLiT ~2 cm2 ~1015 n/s
Nuclear physics,

High energy neutron induced 
experiments

IFMIF-
DONES (EU)

A-FNS (Japan)

D+

CW 40 MeV 125 mA 5 MW LiLiT
5 cm × 10 cm

5 cm × 20 cm

> 1018 n/m2 ⋅ s

20~50 dpa

Neutron irradiation tests
on the DEMO reactor 

materials (blanket/divertor)

CMIF
(China)

D+

CW 50 MeV 10 mA 500 kW Granular flow 
Be

5 mm × 15 mm
(smaller spot)

~1018 n/m2 ⋅ s

20~50 dpa/y

For ADS and fusion materials
(not much recent progress)

MYRRHA-
Phase1

(Belgium)

H+

CW 100 MeV 4 mA 400 kW
Water cooled 

spallation 
target (W, Ta)

400 cm2

(either direct proton 
irradiation or neutron 

converter)

1013 n/cm2/s 

0.4 dpa/200 days

ISOL system (low power) and
Fusion material research (full 

power)
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Example of A-FNS (Japan)
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More Recent Activity 
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 US is planning a Fusion Prototypic Neutron Source (FPNS), which could be constructed in the near term at 
moderate cost with accelerator parameters similar to IFMIF-DONES. More detailed cost estimates by ORNL.

SC NC

Inherent 
complexity

No operating 
CW DTL

TRL 7           >         TRL 6
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More Recent Activity 

2023 KNS 15

The High Brilliance Neutron Source (HBS), currently under development at Forschungszentrum Jülich, a room temperature 
solution has been chosen because of the much simpler technology avoiding a cryogenic plant, the development of cryo-
modules and suitable power couplers [H. Podlech et al, IPAC 2019].

Similar beam power as other SC-based machines, 
but the beam is pulsed with much higher current. 

Nonetheless, the fusion community prefers CW beam (from Y. J. Lee of ORNL)
 Less peak power, more similar situation as fusion plant
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Acvitivities in Korea
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Activities in Korea (selected)
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Activities in Korea (selected)
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Busan International Fusion Neutron Source
(BIFNS)

Busan Natl’ Univ., Dongeui Univ., Seoul Natl’ Univ.
NFRI, KAERI, KIMS, City of Busan, BISTEP

~2016
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Activities in Korea (selected)
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Case studies by KFE

For both the 20 MeV and 30 
MeV proton beam (0.1 mA) with 
the selected targets (Be), 
neutron yields of 8.8×10^12  n/s 
and 1.9×10^13 n/s, 
respectively, are expected.

Design studies by KAERI
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Activities in Korea (selected)

2023 KNS 20

KAHIF (KAERI Heavy Ion Irradiation Facility  TRIAC/KEK)

~1 MeV/n

[S. H. Noh (PKNU)]

- Simulation of “fusion neutrons” by ion beams
- Temperature controlled target chamber ( < 1500 °C)
- Successful commissioing with He+ (7.8 euA peak), Ar10+ (0.8 euA peak) at duty cycle 28.8% 
- Upgrade planned to inject metal ions (ex, Fe) [More recent updates by D. W. Lee (KAERI)]
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What about KOMAC or RAON?
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- White neutrons: C(d,n): 98 MeV D+
- Mono-energy neutrons: Li(p,n): 83 MeV p

- Pulsed white neutron source: 100 MeV p
- Beam dump as a neutron converter

- Average beam current is limited to 1.6 mA
- User facility 
- No space or infrastructure for fusion material 
irradiation or tritium breeding module test 

- Average beam current is limited to 1 mA or less
- User facility 
- No space or infrastructure for fusion material 
irradiation or tritium breeding module test 
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Integrated Breeding Test Facility (IBTF) by KFE
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[From iFPC 2022]

[S. H. Hong et al. (KFE)]

D+
40 MeV 

(20 MeV/u)
Max 10 mA 

CW

6.68E+15 n/sec
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Layout of Deuteron Accelerator Unit (DAU)
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[Y. L. Cheon (KFE)]
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Layout of Deuteron Accelerator Unit (DAU)
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Bore diameter: 36 / 40 mm 

SS316L  Aluminium

[Y. L. Cheon (KFE) and E. Cosgun (UNIST)]
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Start-to-End Simulation of DAU
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ECR Ion source LEBT RFQ

MEBT SRF LINAC HEBT Target

 No showstoppers in beam dynamics point of view  Technology Readiness / Cost / Schedule would matter  

IBSimu code
Warp code

TraceWin code
Or rastering magnets

[Y. L. Cheon (KFE) and E. Cosgun (UNIST)]
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Possible Collaborators
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CEA (France) VITZRO (Korea)
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Summary and Conclusion
• For Blanket Structural Material, Divertor Functional Material, Tritium Release 

Module of DEMO, neutron irradiation experiments with relatively low energy (~40 
MeV), high average current D+ accelerators are being pursed worldwide.

• Korean fusion and accelerator communities should look into best options for 
domestic fusion engineering program [e.g., dedicated tritium breeding unit tests 
with a moderate-intensity D+ accelerator via Niche marketing (틈새시장전략) or 
Mid-entry Strategy (중간진입전략)].

• Accelerator technology seems rather matured, whereas target design and 
neutronics are getting more challenging.
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Thank you 
for your attention ! 
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