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Quality Factor for 
Neutron in Tissue
REM=QF*RAD
https://www.nrc.gov/reading-rm/doc-
collections/cfr/part020/part020-
1004.html

a Value of quality factor (Q) at the 
point where the dose equivalent is 
maximum in a 30-cm diameter 
cylinder tissue-equivalent phantom.
b Monoenergetic neutrons incident 
normally on a 30-cm diameter 
cylinder tissue-equivalent phantom.

Neutron energy (MeV)
)

Quality factora (Q)

Fluence per unit dose 
equivalentb

(neutrons cm-2 rem -1)

2.5 x 10-8 2 980 x 106

1 x 10-7 2 980 x 106

1 x 10-6 2 810 x 106

1 x 10-5 2 810 x 106

1 x 10-4 2 840 x 106

1 x 10-3 2 980 x 106

1 x 10-2 2.5 1010 x 106

1 x 10-1 7.5 170 x 106

5 x 10-1 11 39 x 106

1 11 27 x 106

2.5 9 29 x 106

5 8 23 x 106

7 7 24 x 106

10 6.5 24 x 106

14 7.5 17 x 106

20 8 16 x 106

40 7 14 x 106

60 5.5 16 x 106

1 x 102 4 20 x 106

2 x 102 3.5 19 x 106

3 x 102 3.5 16 x 106

4 x 102 3.5 14 x 106

https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#table-2-ftna
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#table-2-ftnb
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#N_2_201004
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#N_3_201004






Little Boy U (Hiroshima) N Spectra 
Prompt fission (inside) and Weapon Leakage (outside casing) (Spriggs 2017)



Fat Man (Pu implosion) and Little Boy (U gun) Weapon Gamma Spectra 



Fat Man (Pu implosion) and Little Boy (U gun) Weapon Neutron Spectra



Fat Man (Pu implosion) and Little Boy (U gun) Weapon Gamma vs Angle



Thermonuclear N Spectra (per KT yield)



Gammas from Weapon

• “Instantaneous” Gamma’s are produced within the weapon and 
almost entirely absorbed by the dense nuclear material during 
the fission and fusion process. Most do not leave the weapon

• Prompt Gamma’s peak at about 10-100 ns after detonation

• Delayed Gammas come as the weapon expands into the air/ 
ground/vacuum as the vaporized (plasma) weapon material 
density rapidly decreases

• In addition to the gammas from the weapon, there is also 
neutron capture in the air (Nitrogen primarily) that emits a 
radiative capture (of n) and produces more gammas

• If the detonation is near the ground, the neutrons induced 
radioactivity in the ground (and air) that can produce gammas.



Time 
Dependence 
of Gamma 
Radiation
Glasstone and Dolan – Chap 8



Gamma glow 
from 
Atmosphere
Backscatter



Fission 
Weapon 
Gamma 
Dose vs 
Slant 
Range
Glasstone and Dolan 
– Chap 8



TN 
Weapon 
Gamma 
Dose vs 
Slant 
Range
Glasstone and Dolan 
– Chap 8



Shielding 
Thickness 
for 
Fission 
Products 
and 
Nitrogen 
Capture 
Gamma
Glasstone and Dolan –
Chap 8



Percent 
of Initial 
Gamma 
Dose vs 
Time
20 KT 
and 
5 MT
Glasstone and Dolan 
– Chap 8



Neutrons from Weapons

• Neutrons carry a relatively small fraction of weapon yield 
• Typ ~1%

• Prompt Neutrons Come within 1 s after detonation
• Neutrons come from both fission and fusion process

• Delayed Neutrons come from Fission products
• Delayed Neutrons are < 1% of total neutrons
• However the delayed neutron dose is “enhanced” by “hydrodynamic 

effects” from the blast wave (less air as it is “pushed out of the way”). 
For distances > ~1km from high yield weapon (MT range) the dose from 
delayed neutrons can exceed the dose from prompt neutrons

• Majority of delayed neutrons come within 1 minute

• Due to scattering on weapons materials, casing, air the neutron 
spectrum (# vs energy) at observer is quite different (softer 
spectrum) than inside the weapon (at moment of detonation/ 
creation)

• Neutron from fission are typ ~ 1 Mev while those from fusion are 
typ ~ 12-14 MeV (peak of spectrum outside weapon)



Fission 
Weapon 
Neutron 
Dose vs 
Slant 
Range
Glasstone and Dolan 
– Chap 8



TN 
Weapon 
Neutron 
Dose vs 
Slant 
Range
Glasstone and Dolan 
– Chap 8



Shielding 
Thickness 
for 
Gamma 
and 
Neutrons
Glasstone and Dolan –
Chap 8



Stable and Unstable Isotopes

Chart of nuclides (isotopes) by binding energy, depicting the valley of stability. The diagonal 
line corresponds to equal numbers of neutrons and protons. Dark blue squares represent 
nuclides with the greatest binding energy, hence they correspond to the most stable nuclides. 
The binding energy is greatest along the floor of the valley of stability.



Stable and Unstable Isotopes

Chart of nuclides by half life. Black squares represent nuclides with the longest half lives hence 
they correspond to the most stable nuclides. The most stable, long-lived nuclides lie along the 
floor of the valley of stability. Nuclides with more than 20 protons must have more neutrons 
than protons to be stable.



Stable and Unstable Isotopes

Chart of nuclides by type of decay mode. Black squares are stable nuclides. Nuclides with 
excessive neutrons or protons are unstable to β− (light blue) or β+ (green) decay, respectively. At 
high atomic number, alpha emission (orange) or spontaneous fission (dark blue) become 
common decay modes.



Stable and Unstable Isotopes

Example: The uranium-238 series (grey line) is a series of α (N and Z less 2) and β− decays (N 
less 1, Z plus 1) to nuclides that are successively deeper into the valley of stability. The series 
terminates at lead-206, a stable nuclide at the bottom of the valley of stability.


