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Neutron production facilities

• Neutron studies (unsurprisingly) require neutrons
• This presents challenges as they are 

• Short lived
• Cannot be directed/accelerated
• Difficult to trap

• Neutron facilities typically employ
• Spallation
• Direct reactions
• Reactor neutrons

• I won’t discuss reactor facilities further
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Neutron Spallation at the Los Alamos Neutron Science 
Center
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LANSCE at Los Alamos opens the door to many new 
measurements

LANSCE Neutron sources
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800 MeV linear accelerator: H+ beams for isotope production and H-
beams to drive two neutron beam facilities 
Lujan center: moderated spallation source, three flight paths devoted to 
nuclear science sub-thermal ≤ En ≤ 500 keV
WNR: unmoderated spallation target, generating neutrons with 100 keV ≤ En 
≤ 600 MeV
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Proton Bunch

Collimator
White Neutron Bunch Detector

Water Moderator

Ep= 800 MeV         np=20 Hz          10 meV < En < 500 keV
fn = 3 • 105 n/s/cm2/decade

Spallation
Target

How are neutron measurements traditionally performed 
at time-of-flight facilities?

“Stable” 
Sample

Details vary with facility, but the basic principles are the same
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Direct Reactions from 7Li(p,n)
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Figure 3
Energy Spectra versus Emission Angle

Experimental Spectrum form 7Li(p,n) at Ep=1936 keVExperimental Spectrum form 7Li(p,n) at Ep=1936 keV
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Figure 5
Total Neutron Spectrum 
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Monte Carlo Simulation of Spectrum seen by TargetMonte Carlo Simulation of Spectrum seen by Target

Neutrons from 
7Li(p,n)

Measuring neutron spectra at 
Karlsruhe, circa 1997
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FRANZ in Germany and SARAF in Israel are extending 
this to high power

Slide Credit: R. Reifarth

• Advances in 
accelerator 
technology and 
targetry enable new 
facilities

• Neutron flux 
enhancements of 
orders of magnitude 
over existing 
facilities

• This will open new 
measurements on 
unstable isotopes

• SARAF-I is in 
production with keV
neutrons

• SARAF-II will offer 
beams up to 40 MeV



Los Alamos National Laboratory

9/23/18 |   20

Neutron Facilities for Nuclear Physics Exist Around the 
World and are Growing

Facility Neutron Spectrum Detection

DANCE/LANSCE Spallation TOF white BaF2 (calorimeter)
nTOF (CERN) Spallation TOF white C6D6, BaF2

ORELA (ORNL) e- LINAC, TOF white C6D6, BaF2

GELINA (IRMM) e- LINAC, TOF white C6D6

FZK (Karlsruhe) (p,n) TOF 25 keV Maxwellian BaF2, Activation
SARAF (Israel) (p,n) 25 keV Maxwellian (MeV Coming) Activation
FRANZ (Germany) (p,n) 25 keV Maxwellian (planned) BaF2, Activation
TUNL (USA) (d,d), (d,t) “Monoenergetic” Activation

• RPI, Tokyo Tech, IPNS (Argonne), Ohio Univ., Univ. of Kentucky, nELBE, others
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Outlook

• Neutron physics offers a rich set of science
• Much of this physics is, at best, difficult to access with other probes

• Advances in accelerator technology, beam transport , and targetry are 
making ever more powerful facilities available

• Much work remains to be done, particularly on unstable isotopes
• Surprising gaps in knowledge exist, even on stable isotopes
• Neutron science has direct impacts on a range of applied fields in 

addition to basic science
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Thank you!

Orion’s Belt seen from Los Alamos, NM Photo Courtesy of Shannon Scott


