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Outlook 

• EXFOR compilation of beta-delayed 

neutron (bdn) data in the past 

• Motivation for the compilation of the  bdn 

data from individual precursors 

• Main parameters of the bdn emission 

• LEXFOR update (Memo CP-C/429 23 May 2014) 

• Experimental techniques for the 

measurement of bdn emission 

probabilities and spectra 
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Compilation of bdn data in the past 

• Total Average Delayed Fission Neutron Yield ((…(N,F),DL,NU)): 

extensively compiled 

• Partial (Group) Delayed Fission Neutron Yields (relative 

((…(N,F),DL/GRP,NU)/(…(N,F),DL,NU)) and absolute (…(N,F),DL/GRP,NU)): 

extensively compiled 

• Delayed-Neutron Energy Spectrum for a Given Neutron Group 

((…(N,F),DL/GRP,NU/DE)): mainly evaluated data 

• Delayed-Neutron Emission Probability (Pn value) ((Z-S-A(0,B-)Z’-S’-A’,,PN) 

for a single fragment; (ELEM/MASS(0,B-),,PN) for a series of fragments) : no 

completeness in some cases compiled as (Z-S-A(X,F) ELEM/MASS(,DL,NU). 

• Energy spectrum of the neutrons emitted by a specific precursor: not 

compiled 
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Motivation for the compilation of bdn data from 

individual precursors 

• Nuclear technologies (reactor 

kinetics, decay heat calculations 

etc.) 

• Nuclear astrophysics 

• Nuclear model calculations  

• Nuclear structure 
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Motivation for the compilation of bdn data from 

individual precursors – nuclear technologies -I 

• The bdn are essential for reactor kinetics, safety  

and decay heat calculations. Critical assemblies 

are sensitive to the bdn data.  

• The new developments of advanced reactors, ADS 

etc., considerably extend the type of the targets, 

projectiles and excitation energies involved in the 

nuclear fission or fragmentation processes, as well 

as the nuclear composition and its dynamics 

during the fuel cycle. 
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Motivation for the compilation of bdn data from 

individual precursors – nuclear technologies -II 
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Motivation for the compilation of bdn data from individual 

precursors – nuclear astrophysics and structure 

https://www-nds.iaea.org/beta-delayed-neutron/1RCM/presentations/BELEN-IAEA-Aug2013.pdf 
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bdn spectra 

Bn < Qb 

Accurate mass 

measurements 

needed 
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bdn emission probability and multiplicity 

Emission probability  

(et least one neutron emission) 

Pn(%)=P1n+P2n+P3n+… 

P0n=100% - Pn 

Multiplicity 

(average number of neutrons per decay) 

nn(%)=0.P0n+1.P1n+2.P2n+3.P3n+… 
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Memo CP-C/429 

• The delayed neutron emission probability (=probability for 

emission of at least one beta-delayed neutron), Pn , is 

coded as  ,PN with units NO-DIM. 

• The probability of emission of N beta-delayed neutrons, 

PNn, is coded as NUM,PN  with units NO-DIM.  (No change 

from 4C-3/396) 

• The delayed-neutron emission multiplicity, <n>, is 

coded as ,MLT,DN with units PRT/DECAY or PC/DECAY. 

• The energy spectrum of delayed neutrons emitted by a 

specific precursor is coded as ,PN/DE with units of 

dimension 1/E. ( Modified from CP-D/837)  
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Experimental techniques for the measurement of 

bdn emission probabilities and spectra 

• Facilities / production of bdn precursors  

• Methods for determination/identification/extraction of 

the precursors 

• Measurements of the particles/radiation involved in the 

proses (neutrons, beta-particles, gamma-rays) 

• Selection methods 

• Analysis 
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Facilities / production of bdn precursors  

Facility bdn precursors 
source 

bdn precursors 
separation 

METHOD 

ILL Grenoble France 

Univ. Mainz, Germany 

Studsvik, Sweden 

HFBR, Brookhaven 
Nat. Lab., USA 

nth +natU 

nth +natU 

nth +natU 

nth +natU  
56Fe/Al and Sc/Ti  

filtered neutron 
beam 

LOHENGRIN 
recoil mass sep. 

Chemical sep. 
techniques 

OSIRIS On-line 
isotope sep. 

TRISTAN On-
line mass sep. 

 

NIFIS 

CERN p (1GeV) + natU ISOLDE On-
line mass sep 

PIFIS 

GSI, Germany 238U (1 GeV/u) +Be FRB Fragment 
separator +  

(TOF+dE) 
isotope 
identification 

 

HIIFR 

Holyfield Radioactive 
Ion Beam Facility 
(HRIBF) Oak Ridge 
Net. Lab., USA 

p (50 MeV) + natU IRIS-1 + IRIS2 
+ selective laser 
ionization 

  

PIFIS 

Cyclotron Lab. Of 
Univ. of Jyvaskyla 

p (25 MeV) + Th Mass separator 
+ penning trap 

PIFIS 

RIPS at RIKEN 40Ar + natTa  Fragment 
separator +  

(TOF+dE) 
isotope 
identification 

HIIFR 

…..     
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Methods for determination/identification/extraction of the 

specific precursor - I 

• Very early experiments based on chemistry. No direct 

identification of b-decay but rather based on yield 

distribution of fission fragments. 

• Extraction of fission fragments based on mass separation 

 
Isotope identification and  

b activity determination  
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Methods for determination/identification/extraction of the 

specific precursor - II 

• Variety of beam purification methods: 

Penning traps 

Selective laser ionization 

ToF techniques 

R. Caballero-Folch, 

Nucl. Data Sheets  

 120 (2014) 81 
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Beta spectroscopy 

Plastic scintillators 

Semiconductor Detectors 

Double sided silicon detectors (DSSD), strip detectors etc.  
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Neutron spectroscopy /spectrometry 

• 3He gas filled grid ionization chambers: extremely 

sensitive to thermal and epithermal neutrons, however 

large uncertainties at low energy part of the spectrum. 

• H2 and CH4 gas filled proton recoil counters: superior 

energy resolution at low energies, insensitive to thermal 

and epithermal neutrons. 

• Long counters 

• Liquid scintillators 
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Neutron / beta/ gamma detection 
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https://www-nds.iaea.org/beta-delayed-neutron/1RCM/presentations/BELEN-IAEA-Aug2013.pdf 
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Methods for bdn data measurements  
 

1. “n/b”: Neutron-beta coincidences.  

Pn= 1/n * Nbn/Nb 

2. “n-b”: Neutrons and betas counted separately but simultaneously. 

Pn= b/n * Nn/Nb 

3. “ 
A
Z+n”: Abundance of precursor determined via gamma-counting of any b-decay daughter. 

Pn= ( * Iabs(
 A

Z+n)/ N(
 A

Z+n))  Nn/n) 

4. “Pn 
A
Z”: Normalization of the ratio b/n with known Pn value from precursor 

A
Z 

Pn= Pn(standard)* (Nb(standard)/Nn(standard)) * Nn/Nb 

5. “ion”: Ion counting. Counting of number of precursor M (Nion).  

Pn= Nn-decays/ Nion 

6. “fiss”: Fission yields 

This method used chemical separation methods and is probably the least reliable method. 

Pn= 1/n * Nn/(YA*PZ) or Pn= 1/n * Nn/YA,Z 

7.  “-”: Number of neutron decays determined only via -counting. 

Pn= (,daughter*Iabsdaughter,/Ndaughter ) /  ,final * Iabsfinal,/ Nfinal 
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Bdn measurements with Penning-Trap and ion recoil 



IAEA 

New technique TAS 
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Summary 

• EXFOR compilation of beta-delayed 

neutron (bdn) data in the past 

• Motivation for the compilation of the  bdn 

data from individual precursors 

• Main parameters of the bdn emission  

• LEXFOR update (Memo CP-C/429 23 May 2014) 

• Experimental techniques for the 

measurement of bdn emission 

probabilities and spectra 


