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Ultra Cold Neutrons 

UCNs are neutrons whose energy is so low that they are reflected 

under any angle of incidence and can be contained in traps 
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Type of 

neutron 

E(ev) T (K) Λ (Å) V (m/s) 

Ultra cold < 10-7 ≈(<) mK > 800  < 5 

Very cold 10-7 - 10-4 10-2 - 10  800 - 30 5 - 130 

Cold (0.1 - 10) x 10-3  10 - 120 30 - 3 130 - 1320 

Thermal (10 - 100) x 10-3 120 - 1000 3 - 1 ~ 1320 - 3950 

Resonance > 1 < 0.1 > 4 x 104 

Ref.: G.V. Kulin (ISINN-29). The concept of an UCN source for a periodic pulsed reactor (2023).   

Sketch of UCN traps: (a) A material trap using 

a material reflector, (b) A magnetic trap. 

Ref.: Oh-Sun Kwon (2005), Sogang University. Quasi-elastic scattering 

of ultracold neutrons (Dissertation). 



Why UCNs are important tools? 

 Search for the neutron electric dipole 

moment (EDM) 

Measurement of the neutron lifetime 

Measurement of angular correlation 

coefficients of neutron beta decay 

 Search for neutron-antineutron oscillations 

Quantization of neutron sates in gravitational 

field and search for new interactions 

 Non-stationary quantum mechanics and 

neutron optics 
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Neutron lifetime measurements 
Ref.: https://www.scientificamerican.com, modified 

The history of neutron EDM limits 
Ref.: Abel, C.; et al. (2020) 



Status of UCNs development in the world 

The reactor hall of the Laue-Langevin 

Institute - Grenoble, France 
Engineering visualization of 

UCN sources in LANSCE 
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Ref.: G.V. Kulin (ISINN-29). The concept of an UCN source for a periodic pulsed reactor (2023).   

Cross-sectional view of pulsed 

neutron source in J-PARC 

The European Spallation 

Source is under 

construction* 

*https://europeanspallationsource.se/about 



Some published articles on low energy neutron sources 
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Some published articles on low energy neutron sources 
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As part of the work on the concept of the source, priorities will be:  

 Analysis of possible candidate materials for use as UCN 

converter, considering the specifics of the planned source.  

 Modeling of the converter, calculation of the UCN output from 

it and optimization of its geometry.  

 Participation in the formation of technical requirements and in 

the design of a UCN converter unit. 

Some tasks on the concept of the source 
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[Nuclear data processing system development in the world] 

Ref.: D. Brown, “The New Evaluated Nuclear Data File Processing Capabilities,” INDC(NDS)-0695. 

FRENDY 

(JAEA) 

NJOY 

(LANL) 

FUDGE 

(LLNL) 
AMPX 

(ORNL) 
PREPRO (IAEA) 

CALENDF 

(CEA) 

GALILEE (CEA), 

GAIA (IRSN) 

GRUCON 

(Kurchatov) 

Existing code 

New code 

Available code 
NECP-Atlas 

(Xi’an Jiaotong Uni.) 

Ruler 

(CIAE) 
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Evaluated Nuclear Data 

(JENDL, ENDF/B, JEFF, …) 

Nuclear Data Processing 
105 

Transport Codes 
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Evaluated nuclear data and Nuclear data processing systems  

Ref.: PHITS development team, Apr. 2023. 

https://phits.jaea.go.jp/ 

Ref.: PHITS development team, Apr. 2023. 

https://phits.jaea.go.jp/ 
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All-in-one-Package 

Available in free of charge by submitting application form via PHITS website 
 

Applications 

Accelerator Design Radiation Therapy & Protection Space & Geoscience 

Capability 

Transport and collision of nearly all particles over wide energy range 

All contents of PHITS (source files, binary, data libraries, 

graphic utility etc.) are fully integrated in one package 

neutron, proton, ions,                         10-5  eV to 1 TeV/n  

electron, photon etc 
using Monte Carlo method 

Current version is only for 

continuous neutron and thermal 

scattering law (TSL) data 

Ref.: PHITS development team, Apr. 2023. 

https://phits.jaea.go.jp/ 

Ref.: PHITS development team, Apr. 2023. 

https://phits.jaea.go.jp/ 

PHITS and ACE format 

Particle and Heavy Ion Transport code System 
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Ref.: PHITS development team, Apr. 2023. 

https://phits.jaea.go.jp/ 

Ref.: PHITS development team, Apr. 2023. 

https://phits.jaea.go.jp/ 
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Nuclear 

Data Library 
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 0.01 meV 

*Only for facility design 

**Only for microscopic simulation 

Map of Models Recommended to Use in PHITS 
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Flow diagram of NJOY2016 processing for ACE 

format library construction 

Ref.: K. Ouadie et al. / Nuclear Engineering and Technology 49 (2017) 1610e1616 

ACE Header with beginning of XSS array for 1H 

Ref.: Conlin, Jeremy Lloyd, Romano, Paul (2019). A Compact ENDF (ACE) 
Format Specification 

Nuclear Data Processing Code (NJOY2016) 



It is based on the neutron scattering kernel 

for sD2 proposed by Granada J.R.  

The main characteristics of Granada’s model 

including: 

 The lattice’s density of states 

 The Young-Koppel quantum treatment of the 

rotations 

 The internal molecular vibrations 

 The elastic processes involving coherent 

and incoherent contributions are fully 

described, as are the spin-correlation effects 

12 

Theoretical basic for the sD2 TLS library (1/3) 

The intermediate scattering function χ(Q,t) 



Is(Q, 0) = 1 

|F(Q,0)| is the lattice structure factor 

corresponding to the arrangement of 

molecular centers 

} 

α = 1/4 for o-D2,  

    −1/2 for p-D2, and  

       0 for n-D2 

I(Q, 0) = |F(Q, 0)|2*  
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Theoretical basic for the sD2 TLS library (2/3) 

v(Q,t) contains all the complexity associated 

to the molecular rotations with definite parity 

for each (ortho, para) molecular species 

I(Q,t) contains the contributions due to all 

molecular centers in the system 

u(Q) is the molecular structure factor 

χvib(Q,0) is the Debye-Waller factor 

(1)  

(2) 

(3) 

(4) 

d (= 0.74 Å) being the interatomic distance  

j0 the spherical Bessel function of order zero 

Minor 

approximation 

neglecting small 

energy-

dependent 

second-order 

effects due to 

spin and 

structural 

correlations 



The incoherent approximation for the inelastic term 

v(Q,t) contains all the complexity associated to the molecular rotations 

with definite parity for each (ortho, para) molecular species. 
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Is(Q,t) is the self-contribution of the molecular centers determined by the 

dynamics of the lattice in the case of solid systems 

Theoretical basic for the sD2 TLS library (3/3) 

(5) 

(6) 
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Simulation configuration  

Material (Ortho) sD2 

Source type Point 

Layer radius (cm) 5 

Thickness (cm) 1 

Type of particle Neutron 

Beam direction Cos (θ) = 1 

Temperature (K) 5 

I0 and I are the transmitted intensities 

for the empty and full sample cells,  

ρ: the density, and 

d: the thickness of the sample cell. 

Simulation results and comparison (1/4) 

Total scattering cross section per atom for sD2 

at 5 K as a function of incident energy 



Simulation configuration  

Material (Ortho) sD2 

Source type Point isotropic 

Sphere radius (cm) 5 

Type of particle Neutron 

Initial energy (meV) 20.4 

Temperature (K) 5 
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Simulation results and comparison (2/4) 
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An example of a dynamical neutron cross-section of 

solid D2 at T = 7 K. Comparison of two ortho-

concentrations C0 = 66.7% (□) and C0 = 98% (○). Initial 

energy of the thermal neutrons is E0 = 20.4 meV. 

Ref.: A. Frei et al.. doi: 10.1209/0295-5075/92/62001 

A comparison between simulation result 

with A. Frei’s result.  

Simulation results and comparison (3/4) 

Note: The TLS library used for the simulation was 

developed for pure ortho-D2 at 5 K 



E0 (meV) 
Velocities 

(m/s) 

Energy 

(MeV) 

VCN production 

cross section (mb) 

20.4 50 1.3068E-10 1.6991E-01 

  75 2.9402E-10 3.0807E-01 

  100 5.2270E-10 5.4464E-01 

  125 8.1672E-10 7.9014E-01 

  150 1.1761E-09 1.0660E+00 

  175 1.6008E-09 1.4058E+00 

  200 2.0908E-09   
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Simulation results and comparison (4/4) 

VCN production cross-

section approximation: 



Next tasks 
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Study and generate multi-group cross section (MGXS) 
libraries for converter materials using NJOY or FRENDY 

Perform assessments on the applicability of new 
generated libraries through simulation calculation using 
GEANT4 and compare with published results 

Calculate cross section for the generation of UCNs  

1  

2  

3  



Conclusion 

• Low-energy neutrons have been an extremely productive tool 
for the investigation of fundamental interactions 

• Many projects and researches on the development of low-
energy neutron sources are being implemented actively in 
the world 

• The limitation applies of the available library to the range of 
neutron energies from 10-2 to 103 meV was reconfirmed 

• The investigation on the generation of VCN with velocities 
from 50 - 200 m/s using the available library was conducted 

• Some tasks were planned for the further research 
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