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Delayed Neutron Precursors 
Appear in Clusters in Chart of 

Nuclides 
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Clusters of Precursors Create 
Cascading Decay Chains 

II.bS9 Rb9(] Rb91 Rb92 RbQ.' ['h'l.j Rb'lj I,bllll I':bl ); I,\,QS 

Krtltl Kr!l9 Kr'iO Kr<Jl K~ Decay Chains NOT are 
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Decay Chains Can Be Quite 
Complex 
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Isotopic Target Group 
Definitions 

!,hlJ~ 

Klll~ 

1.,"1-

23 \ 

.~. Grouped by atomic number based all half-lives of beta p rl'c lll'so r~ 

that can be produced 
r t 

I • •• 

0 A < 8 No beta precursors 

1 9 <= A < 17 
Large cross-sections, very short half-life 
9Ll (178 ms) 

18 180 
Enormous (p, 2p) cross-section 
17N (4.17 s) 

2 17 <= A < 50 
Cross-section drops with A 
llN, :!1() (2255), lbC (747 ms), IBN (624 ms), 19N (271 ms) 

3 50 <= A < 90 
Cross-section and time signature fairly constant 
SiCa (lOs), 48K (6.8s), 49K (1.26s), soK (472ms), ""Cl (560 IDS) 

4 90 <= A < 209 
Cross-section increases slowly with A, small long-time tail 
81Br (55.65s), iJ71 (245 s), 88Br (16.295), !l.5As (202s), 91Br (541 ms) 
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Experimental Work 

G Measure cross-sections spanning periodic table 
• Surrogates: Be, C 

• Structural, nonfissionable: 

• Heavy, slightly fissionable: 

• Fissionable: 

0, AI, Fe, Sn 

W, Pb 

U-21H 

• Fissile: U-215 

G Quan tHy detector energy response 
• Compare MCNPX models to experiment 

G Validate surrogate method 
• CH2 versus pure C 
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