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Fission 
 

235U + n  X + Y + 2.5n  (~200 MeV total energy release, ~ 2 MeV per neutron) 

Radioactive sources 
 

241Am  237Np + 4He (5.6 MeV)  9Be + 4He  12C + n (few MeV)  Half life 433 y 

‘Small’ accelerator based sources (‘D-T’) 
 

2H (~ 150 keV) + 3H  4He + n (14.2 MeV) 

Spontaneous Fission 
 

e.g. 252Cf       (mainly  decay)      Half life 2.65 years  



Electron accelerator based sources 
 

10-100 MeV electrons on heavy metal target 

Produces bremsstrahlung photons which are absorbed by nuclei 

 

Electron accelerators are cheap but power is limited by large 

amount of heat to dissipate in the target, ~ 6 MeV per neutron 

 



High energy proton accelerator based spallation sources 
 

 > 100 MeV protons on heavy metal target 

~ 25 neutrons/proton, 30 MeV per neutron compared to fission 

 



D + T → n + 4He   En = 14.1 MeV 

D + D → n + 3He   En = 2.5 MeV 

 

Oil industry 

Security 

Structure evaluation 
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Neutron sources 



Ernie Wollan and Cliff Shull 

Neutron diffraction 

Oak Ridge, USA 

Bert Brockhouse 

Triple axis spectroscopy 

Chalk River, Canada 

Some neutron history … 



Karl-Erik Larsson 

TOF spectroscopy 

Stockholm, Sweden 



PLUTO and DIDO (1956/7-1990) 

DIDO class reactors also built at HIFAR (Australia), 

DR-3 (Denmark), FRJ-II (Juelich) 



User programmes 

Early programmes ‘parasitic’ at materials testing reactors 

Mainly used by local scientists (staff) 

UK Neutron Beam Research Committee (1966) expanded access to the broader university 

research community 

Institut Laue Langevin (1971) first research reactor purpose built for an external user 

community. Also pioneered the use of neutron guides. 

User programmes now common at synchrotrons etc. 

 

Peter Egelstaff 
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Short pulse spallation source 
 



















Cheaper, faster, safer solution 

Carbon Stripping Foils 

• H- stripped to p+ at injection 

 

• Originally alumina foils 

 

• Diamond-like foils supported by carbon fibres 

– Last ½ a user cycle 

 

• Graphene foil tested 

– Lasted whole cycle unsupported 















Tantalum  

Targets 



Targets 



Liquid Hg target (SNS, JPARC) 



Liquid Hg target (SNS) 





ESS: The European Spallation Source 

1997 4+1 MW 50/10 Hz 

 

2002 5+5 MW 50 Hz SP/16 Hz LP 

 

2016 5 MW 16 Hz LP 

 

ESS workshops: 1991 Juelich, 1992 Cosener’s House 

 

















Guides transformed neutron scattering 



Guides transformed neutron scattering 

Continuous sources can build multiple (narrow bandwidth) instruments on a 

single beamline, for short pulsed sources you can’t, for long pulse sources you 

could  



Where should I go to get neutrons? 

http://neutronsources.org/  
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Europe 
Reactors 

Institut Laue Langevin – ILL (France – member countries or collaborations only) 

Heinz Maier-Leibnitz Zentrum – MLZ (Germany) 

— Julich Centre for Neutron Science – JCNS  

— Forschungs-Neutronenquelle Heinz Maier-Leibnitz - FRM-II 

Laboratoire Leon Brillouin – LLB (France) 

Helmholtz-Zentrum Berlin – HZB (Germany) 

Budapest Neutron Centre – BNC (Hungary) 

Nuclear Physics Institute – NPI (Czech Republic) 

 

Spallation sources 

ISIS (UK) 

Swiss Spallation Neutron Source – SINQ (Switzerland) 

European Spallation Source – ESS (Sweden – under construction) 
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Americas 

Reactors 

NIST Centre for Neutron Research - NCNR (USA) 

High Flux Isotope Reactor – HFIR (USA) 

Canadian Neutron Beam Centre - CNBC (Canada - closed) 

Laboratorio Argentina de Haces de Neutrones – LAHN (Argentina – under 

construction) 

 

Spallation sources 

Spallation Neutron Source – SNS (USA) 

Los Alamos Neutron Science Centre - LANSCE (USA – reduced user 

programme) 
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CNBC (Canada – closed March 2018) 
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SNS (USA) 



Lujan Centre (USA –  

no longer accepting external proposals) 



Asia-Oceania-Africa 

Reactors 

Japan Research Reactor 3 - JRR3 (Japan - awaiting permission to restart) 

Australia Nuclear Science and Technology Organisation – ANSTO, OPAL 
reactor (Australia) 

High flux Advanced Neutron Application Reactor - HANARO (South Korea) 

Bombay Atomic Research Centre - BARC (India) 

South Africa Nuclear Energy Corporation – NECSA, Safari reactor (South 
Africa)  

China Advanced Research Reactor (CARR – not yet operational) 

China Mianyang Research Reactor(CMRR) 

 

Spallation sources 

J-PARC Materials and Life Science Facility - MLF (Japan) 

China Spallation Neutron Source (CSNS) 
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Compact Neutron Sources 



The Jülich high-brilliance neutron source project 

Compact Neutron Sources 


