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RAON: Rare Isotope accelerator complex for ON-line experiment
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 high intensity RI beams by ISOL and IF
ISOL: direct fission of 238U by 70 MeV proton
IF: 200 MeV/u 238U (intensity: 8.3 pμA)

 high quality neutron-rich beams
e.g., 132Sn with up to 250 MeV/u, up to 109 particles per second

 More exotic RI beam production by combination of ISOL and IF (ISOLIF)

IF facility

Spallation room for 
future extension

○ Project period : 2011.12 - 2021.12

○ Total Budget : ~$ 1.43 B  (Facilities ~ $ 0.46 B, Bldgs & Utilities ~ $ 0.97 B)

Slide of Y. K. Kwon
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NDPS: Nuclear Data Production System

Nuclear fission is one of the candidates for early experiments at NDPS.



Nuclear fission

• 1938: Discovery of fission by Otto Hahn and Fritz Strassmann : fission of 235U

(O. Hahn & F. Strassmann, Naturwissenschaften 27, 1115 (1939))

• 1939: Explained and coined by Lise Meitner and Otto Frisch : Liquid Drop Model

(L. Meitner & O. R. Frisch, Nature 143, 239 (1939))

https://www.studyadda.com/notes/jee-main-advanced/physics/nuclear-physics/nuclear-fission/8656



• 1939: N. Bohr and J. A. Wheeler, Phys. Rev. 56, 426 (1939) (Liquid drop model) 

fission barrier, saddle point, competition btw fission and neutron escape, 

fission probability determined by microcanonical ensemble, etc

Nuclear fission
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Nuclear fission and decay processes
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Microscopic, Macroscopic approaches:
DFT, TDDFT, Hartree-Fock-Bogoliubov, AMD,
Langevin...etc

Models and codes:
CYFP, FREYA, GEF, FIFRELYN, 
GNASH, EMPIRE, TALYS, CCONE, 
CGMF, CoH/BeoH, ..etc

Bateman equation, Gross theory, 
Summation calculation
Decay Data

Mirror symmetry 
around ACN/2

No more 
symmetric

Nuclear data library

Slide of Satoshi Chiba (Tokyo Tech)





GEF (General Fission) model

The GEF model explains the complex appearance of fission 
observables by universal principles of theoretical models and 
considerations on the basis of fundamental laws of physics and 
mathematics. 

The GEF code calculates fission-fragment yields and associated 
quantities (e.g. prompt neutron and gamma) for a large range 
of nuclei and excitation energy. 

Fission observables can be calculated with a precision that 
comply with the needs for applications in nuclear technology. 

Karl-Heinz Schmidt, CNRS/IN2P3, 
Beatriz Jurado, CNRS/IN2P3, 
Charlotte Amouroux CEA, DSM-Saclay



S.Nagy et al., Phys. Rev. C 17 (1978) 163www.unclear2nuclear.com

LF HF



Asymmetric fission fragments mass distribution

I, Xe, Cs, Ba, La, Ce, Pr, … Kr, Rb, Sr, Y, Zr, Nb, Mo, Tc, … 

LF : Light Fragments HF : Heavy Fragments



If a compound nucleus splits into two equal mass fragments, 
Symmetric Fission



• 1939: N. Bohr and J. A. Wheeler, Phys. Rev. 56, 426 (1939) : Liquid drop model

• 1967: V. M. Strutinsky, Nucl. Phys. A95, 420 (1967), Nucl. Phys. A122, 1 (1968) 

Calculate shell-correction energies by using deformed single-particle energies 

• Fission barrier energy: Macroscopic liquid drop energy + microscopic shell energy

Macroscopic + microscopic potential energy



Fission barrier energy: Macroscopic liquid drop energy + microscopic shell energy

J. Benlliurea et al,  Nuclear Physics A 628 (1998) 458-478

H. A. Bethe, Phys Rev, 50, p. 332 (1936)
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𝑁𝑜𝑢𝑡 90.50

𝐶𝑖𝑛 (MeV) -9.31

𝐶𝑜𝑢𝑡 (MeV) -14.24

 𝑎 (MeV-1) -11.64𝐴𝐶𝑁 + 2799

𝜎𝑖𝑛 -0.66𝐴𝐶𝑁 + 163

𝜎𝑜𝑢𝑡 5.13



233U(nth,f), En=500 keV 235U(nth,f), En=500 keV



232U(nth,f)
234U(n,f), En=500 keV

236U(n,f), En=500 keV 237U(n,f), En=500 keV 238U(n,f), En=500 keV





Incident
neutron Target

<ΔY2> χ2

TALYS GEF This model TALYS GEF This model

Thermal
(0.0253 eV)

232U 3.11 0.19 0.48 49.64 5.23 2.85

233U 3.05 0.09 0.07 16.65 1.40 4.44

235U 1.02 0.04 0.14 1153.19 4.34 54.01

Fast 
(500 keV)

233U 2.44 0.09 0.08 6.37 1.64 8.12

234U 1.80 0.28 0.13 4.74 1.98 1.91

235U 0.88 0.03 0.13 101.11 0.58 7.83

236U 0.82 0.35 0.19 22.46 2.01 1.90

237U 0.59 0.34 0.09 50.35 1.42 1.17

238U 0.57 0.40 0.11 48.87 2.33 1.52

Average 1.59 0.20 0.16 161.49 2.33 9.31



Characteristic feature of fission well described





𝑁𝑜𝑢𝑡 91.08

𝐶𝑖𝑛 (MeV) -10.92

𝐶𝑜𝑢𝑡 (MeV) -16.49

 𝑎 (MeV-1) -2.49𝐴𝐶𝑁 + 637

𝜎𝑖𝑛 -0.51𝐴𝐶𝑁 + 130

𝜎𝑜𝑢𝑡 5.38



239Pu(nth,f) 239Pu(n,f), En=500 keV



238Pu(n,f), En=500 keV

240Pu(nth,f)

239Pu(n,f), En=2 MeV

240Pu(n,f), En=500 keV



242Pu(nth,f)

241Pu(n,f), En=500 keV

242Pu(n,f), En=500 keV

241Pu(nth,f)



Incident
neutron Target

<ΔY2> χ2

TALYS GEF This model TALYS GEF This model

Thermal
(0.0253 eV)

239Pu 1.66 0.09 0.09 657.11 0.92 1.50

240Pu 1.66 0.09 0.12 608.46 0.96 1.25

241Pu 1.51 0.18 0.08 52.37 0.67 1.44

242Pu 1.21 0.20 0.34 51.36 1.15 1.85

Fast 
(500 keV)

238Pu 1.30 0.12 0.16 153.63 0.85 1.37

239Pu 1.84 0.10 0.05 1002.99 1.27 3.47

240Pu 1.42 0.13 0.07 129.42 1.11 1.23

241Pu 1.49 0.18 0.07 6.18 0.68 1.32

242Pu 1.30 0.22 0.07 5.58 1.33 1.57

2 MeV 239Pu 1.81 0.10 0.08 2055.98 24.52 8.60

Average 1.52 0.14 0.11 472.31 3.35 2.36



U Pu

𝑁𝑜𝑢𝑡 90.50 91.08

𝐶𝑖𝑛 (MeV) -9.31 -10.92

𝐶𝑜𝑢𝑡 (MeV) -14.24 -16.49

 𝑎 (MeV-1) -11.64𝐴𝐶𝑁 + 2799 -2.49𝐴𝐶𝑁 + 637

𝜎𝑖𝑛 -0.66𝐴𝐶𝑁 + 163 -0.51𝐴𝐶𝑁 + 130

𝜎𝑜𝑢𝑡 5.13 5.38

𝛾 0.06

𝑉0 (MeV) 5

𝑁𝑖𝑛 82
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