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Literature data, discrepancies and target accuracies 
in PFNS for 239Pu(n,f) 
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Some issues in PFNS measurements 

 Multiple scattering 
– In sample 
– In collimators 
– In detector 

 Detector response 
– Including scattering 
– Light curves for scintillators 

 Calibration problems 
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Reminder – Shape of PFNS is approximately Maxwellian  
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Second reminder - energy of emitted neutrons 
is calculated from time of flight 

  

-20

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250 300 350 400
Channel

C
o

u
n

ts

With PSD Polygons

No PSD polygons, same
threshold
Lower threshold, no PSD
polygons

Fission 
gamma rays

Fission neutrons
More neutrons;  
lower neutron 
energies

time 

Channel 
number 

Energy 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

Response function can be calculated  
      for the system 
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Physical processes in neutron detector are 
also important – e.g. light curve in scintillators 
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Some of the PFNS experiments in 239Pu(n,f) are 
discussed here 

 Einc = thermal 
– Starostov et al. (Boytsov) 

 Einc = 0.215, 0.5, 1.5, 2.5, 3.5 
– Knitter et al. 
– Staples et al. 

 Einc = ~1.0 – 200 MeV 
– Noda 
– Chatillon 
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MCNP calculations (and much insight) 
 

 by Terry Taddeucci (LANL) 
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Starostov – One of the many 
experimental configurations 
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Summary of  analysis of Starostov data 
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Fast neutron-induced fission - -
monoenergetic incident neutrons 

 Knitter Einc = 0.215 MeV 
 Staples Einc = 0.5, 1.5, 2.5, 3.5 MeV 
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Discrepancy in monoenergetic data  
      for high-energy end of PFNS 
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• Multiple Scattering 
• Detector Response 

• Multiple scattering 
• Light output 
• Calibration procedure 

• Errors in literature reports 
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Sample specifications needed to be 
corrected for Staples experiment 

Quantity Nucl. Phys. Revised (Prof. Egan) 
235U Radius (cm) 3.84 1.92 
          Thickness (cm) 0.5 0.51 
          Mass (g) 62 107.5 
          Enrichment (%) 93 93.15 
239Pu Radius (cm) 3.46 1.73 
          Thickness (cm) 0.2 0.21 
          Mass (g) 28.7 28.7 
          Enrichment (%) 98 99.1 
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Fast neutron-induced fission - - white 
source of incident neutrons 

 Noda – Einc = 1 – 8 MeV 
 Chatillon Einc = 1 - 200 MeV 
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Measurements made with “white” neutron source 
at LANSCE for 239Pu(n,f): CEA-LANL collaboration 

S. Noda et al., Phys. Rev. C 
83, 034604 (2011) 

A. Chatillon et al., Phys. Rev. C 
89, 014611 (2014) 

Data > ENDF for Eout > 7 MeV 
Data < ENDF for Eout > 7 MeV 

Note: Data for both also for Einc = 1.0 to > 20 MeV 
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Chatillon detector response was determined 
by 252Cf source and gamma-ray trigger 

Slide 29 

• Late trigger would make neutrons seem 
to have higher energy than they really do 
 
 

   

Incorrect higher detector 
efficiency especially at the 
high energies 

 

Incorrect lower neutron output 
especially at the high 
energies 
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Incorrect efficiency leads to incorrect (lower) PFNS at 
the higher output energies 

Incorrect higher detector 
efficiency especially at the 
high energies 

 

Incorrect lower neutron output 
especially at the high 
energies 
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And there will be some 
corrections to the Noda data, 
e.g. detector response, 
binning… 
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Reprise: Some issues in PFNS measurements 

 Multiple scattering 
– In sample 
– In collimators 
– In detector 

 Detector response 
– Including scattering 
– Light curves for scintillators 

 Calibration problems 
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Colleagues in PFNS experiments at LANSCE 
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Backup Slides 
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And now some speculation 
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• Prompt fission neutron spectra have been measured at thermal 

for 235U and 235Pu.  Reactions at thermal can be dominated by one 
or only a few resonances 
 

 
• Do the data at thermal have any relevance to PFNS for fission 

induced by higher energy neutrons? 
 
• Zero order analysis – look at average number of neutrons emitted 

in fission.  If they vary with incident neutron energy, then there 
could well be a change in the spectra of emitted neutrons 
 

 239Pu(nth,f) – is it a good guide for 
PFNS in fast-neutron-induced fission? 
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Correlate structure in nu-bar for 239Pu(n,f) 
with fission cross section 

 Fission cross section from Weston [NSE 115,164 (1993)] 
 Subtract a constant (2.82) from nu-bar for clarity of display 
 Add spins and parities (all positive) from Mughabghab 

– 0+ resonance shows no effect in nu-bar 
– 1+ resonances show varying effects 

 

Nu-bar – 2.82 

1+ 
1+ 1+ 1+ 

1+ 
1+ 1+ 

0+ 

Probably (n,γ f) 
process 
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Now the good news (maybe) 

 Nu-bar at thermal for 239Pu(n,f) is almost the same as for 1-10 keV. 
Maybe the thermal neutron PFNS is relevant to higher energies 

 Q: Is nu-bar at thermal dominated by the 1+ resonance at 0.3 eV ? 

0.025 eV 
(thermal) 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

40 

Fission total γ-ray energy vs. incident neutron 
energy for 239Pu(n,f) 

• Fluctuations in prompt fission gamma energy anti-correlated 
with neutron emission 

• More detailed information on 239Pu(n,γf) process (Lynn, 1965) 
• Qualitative behavior reported by Shackleton in 1972 
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Necessary components for 
improving PFNS data 

• Experiments 
– Neutron source – intense, low background needed  -- no new 

facilities for this type of measurement (?)  :- ( 
 

– Detectors – good neutron identification (psd or ?),  good 
efficiency, “modelable” in MCNP -- nothing for greatly advanced 
capabilities  :- ( 

 

– Data acquisition – implementation of new hardware, firmware, 
software – good resolution, good timing, programmable, capable 
of handling high counting rates -- In progress  :- ) 
 

• Modeling neutron transport as corrections to literature data, and design 
and analysis of new experiments--      NOW and continuing :- ))  
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Predictions for PFNS measurements 

 239Pu(n,f) – for incident neutron energies > 0.5 MeV and to 
requested accuracy 
– Resolve discrepancies for PFNS > 0.5 MeV   – probable 

in 2-3 years 
– Produce new data for PFNS in range 0.05 to 0.50 MeV  

-- maybe in 3-4 years 
 235U(n,f) – for incident neutron energies > 0.5 MeV 

– Data for PFNS > 0.5 MeV   – probable in 3-4 years 
– Produce new data for PFNS in range 0.05 to 0.50 MeV  

-- maybe in 4-5 years 
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