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Objective
•Simulation of measurements based on 

photofission for active interrogation of nuclear 
material

•Past work on prompt emissions from photofission
presented at INMM annual meeting in Phoenix, AZ 
on July 11-15, 2005

•Present study is concerned with DELAYED 
neutrons emission from photofission

•Beam off measurements:
−Minimize the background
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Delayed Neutrons from Photofission
•Decay of special fission fragments “precursors”

• Lower average kinetic energy than most other 
fission neutrons

•Born at a time in between 10-1 and 10-2 second 
after fission

•Classified into eight groups according to 
precursors half-life

Typical yield as a percentage of vp
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Monte Carlo Implementation Steps

•Establishing the yield of delayed neutrons

•Establishing the eight delayed neutron groups

•Assigning each neutron to a group

•Assigning a birth-time to each neutron

•Assigning an energy to each neutron
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Similarity of Neutron-Induced and 
Photon-Induced Fission Yield

• Fragments have no memory about the fission type

• Fragments mass distribution curve shape depends upon 
the compound nucleus initial excitation energy

• Possible to find equivalent energies

• Ganich & sikora formula:

Where

( 1) ( 1)1A n A n
AE B E B E

Aγ + ++ ≈ +
+

20.19004*[2.626* ( )] 0.1125*( 90)fZ A E Zγω ν= − + + −

* 1 0 0 e x p [ 2 .4 0 .7 ]dν ω= −
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Establishing the Multiplicity of 
Delayed Neutrons
• Similarity of neutron-induced and photon-induced fission 

yield:
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Relations Governing Delayed Neutron 
Yield in Neutron-Induced Fissions
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Equivalence of Neutron-Induced 
Fissions and Photon-Induced Fissions

•Vd constant for energy > 7 mev for neutron-
induced fission ⇒ vd constant for energy >~ 12 
mev for photon-induced fission

• The ratio of the two plateaus is ~ 0.6

•Vd emitted by ZA is ~ 0.6* vd emitted by ZA+1 

•Ronen regards as equivalent for vd nuclei having 
the same 2Z—N value
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Similarity of Neutron-Induced and 
Photon-Induced Fission Yield

• Two contrasting theories:

• Neutron-induced fission with energy  eγ on Z (A+1)

equivalent to photon-induced fission with energy en ZA

• The available experimental data (caldwell, et a) for delayed 
neutron yield from photofission indicate that vd is 
independent of the source photon energy in the giant 
dipole resonance energy range
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Adopted /Equation for Photofission

Many ways to approximate the number of delayed 
neutrons vd in photofission reactions:

•Similarity of the compound nucleus

•Similarity with the fission fragments
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Relationship Between Actinides and Vd
for Neutron-Induced Fission

38 39 40 41 42 43 44 45 46
10

-3

10
-2

2Z-N°

νd data for neutron induced fission

Thermal, Fast
High         



13

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

Calculated and Measured Values
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Assigning Each Neutron to a Group

No groups data available for photofission →use groups data 
for neutron-induced fission

• Complete groups data for “high-energy” neutron-induced 
fission
− Use data from fast or thermal neutrons induced fission on a 

nucleus ZA 

− Interpolate data from “high-energy” neutrons induced fission on 
other isotopes of the same atomic species

− Use data for closest isotope fissioned by “high-energy” neutrons
− Use the data for another nuclide having the same (2Z-N) value

• Latter method justified by the few data available for U and 
pu isotopes
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Assigning Delayed Neutrons to Groups

•Group 5 dependance upon the isotope is 
negligible

•Groups from 1 to 4 are negatively correlated to 
the isotope mass

•Groups 6,7, and 8 the relative abundances are 
positively correlated to the isotope mass
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Correlation Function Between Detectors for 
10 kg U Sphere in Empty Box, Beam Off
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Correlation Function Between 
Detectors for 10 kg U Sphere in 
Celotex Half Small Box, Beam Off
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Correlation Function Between 
Detectors for 10 kg U Sphere in 
Celotex Small Box, Beam Off
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Delayed Neutrons Distributions

• Precursors number at beam shutdown depends on
− Beam pulse duration
− Neutrons average life-time in surrounding medium (some msec)

⇓⇓

• Short pulse respect precursors average life-time (<0.1s)
Ni = fvdpi

− Sample from dnd
− Compute CDF directly from the discrete distributions

• Long pulse respect precursors average life-time (> min.)

− Sample from the dntd
− Weight single distribution through respective time delay
− Compute CDF from the time-weighted discrete distributions
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Acquisition Schemes

• Eight groups characterized by their own life-time:

• Short pulse ~ 0.1 s  ≈

− Counting delayed neutrons from fastest precursors

• Long measurement time 
− Counting delayed neutrons from slowest presursors

1 2 3 4 5 6 7 8λ λ λ λ λ λ λ λ< < < < < < <
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Sensible Measurements

Average neutron survival time in high H and C medium ~ 
100 µsec half-life of delayed neutron precursors spans:  
0.19s – 55.6 s

⇓

Maximize delayed neutron coincidence counts
− Measurements lasting from ½ to 1 minute to capture neutrons 

from longest-lived precursors

Maximize system throughout
− Measure both prompt and delayed radiation
− Analyze prompt and delayed signals separately


