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What has been done: 

 Changed K X-ray energies for 60 
materials with Z=88-94. 
 

 Changed Beta intensities for some 40 
fission products. 
 

 Fixed a few minor issues. 
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Atomic vacancies can be created following gamma 
emission or EC decay 
 

Atomic Radiation 

Gamma emission or 
electron conversion 

Ek=Eγ-Bk, Ik/Iγ=αk, K conv. coeff. 
EL1=Eγ-BL1, IL1/Iγ=αL1, L1 conv. coeff. 
EL2=Eγ-BL2, IL2/Iγ=αL2, L2 conv. coeff. 
EL3=Eγ-BL3, IL3/Iγ=αL3, L3 conv. coeff. 
EM1=Eγ-BM1, IM1/Iγ=αM1, LM conv. coeff. 
. 
. 
. 
. 

 Conversion coefficients increase with Z, angular momentum 
and decreasing gamma energy.   Decrease with increasing 
orbital.  Also, αK > αL > αM 
 
Obtained from theoretical calculations using the BRICC code 
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Example, 238U alpha decay 

Without 
conversion 
this line 
should be 
21.078% 
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Electron Capture 

For proton rich nuclides, the following weak 
interaction decay is possible: 
 
p + e-  n + ν 
 
Electron capture creates atomic vacancies, Capture 
coefficients are given for each orbital, Ck, CL1, etc. 
 
If the energy available is larger than 1.022 MeV, it 
competes with positron emission: 
 
p  n + ν + e+  
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How vacancies are filled 

X-ray Emission 

Auger electron 
Emission 

+ e- 

E(e)=Bi-Bf1-Bf2 

+ X-ray 
E(XR)=Bi-Bf 
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Atomic Radiation in ENDF/B-VII.1 

We used the EADL library to obtain energies and intensities 
of the X-rays.  For instance for 235U: 

M XR 
L α XR 
other L XR 
L β 
L γ 
K-L2 (Kα2) 
K-L3 (Kα1) 
K-M2 (Kβ3) 
K-M3 (Kβ1) 
K-M4 (KII

β5) 
K-M5 (KI

β5) 
K-N2 (KII

β2) 
K-N3 (KI

β2) 
K-N4 (KII

β4) 
K-N5 (KI

β4) 

We were aware that the K 
binding energies in EADL 
was affecting the K X-rays 
energies, shifting up by 
0.2-0.4 keV. 
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Atomic Radiation in ENDF/B-VII.1 

Auger electrons are given for groups. 

CK MMX 
CK LLX 
Auger MXY 
Auger LMM 
Auger LMX 
Auger LXY 
Auger KLL 
Auger KLX 
Auger KXY 
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Atomic Radiation in ENDF/B-VIII.0 

We are using NIST K X-rays for Z=88-94, about 60 
materials. 
 
The rest of the atomic radiation is not modified. 
 
L X-rays and Auger electrons are not affected by 
EADL binding energies.   K Augers are. 
 
For the next major release of the decay data sub-
library, we will use more precise binding energies 
for all materials. 
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Beta intensities in ENDF/B-VIII.0 
Ge gamma spectroscopy data can lead to an 

oversimplification of decay schemes. 

As a result the beta spectrum will be overestimated. 
   

A possible solution is to use TAGS data. 
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ENDF/B-VII.1 included TAGS data in the mean gamma and 
beta energies to calculate decay heat. 
 
ENDF/B-VIII.0 will have TAGS beta intensities to improve the 
calculation of antineutrino spectra. 
 
As a benchmark, we will use the electron spectra for 
235,238U(n,fission) and 239,241Pu(n,fission) were measured in ILL 
and Munich. 
 
The electrons are produced by the beta-minus decay of the 
neutron rich fission products. 
 

Beta intensities in ENDF/B-VIII.0 
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TAGS effects 
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Calculation of antineutrino spectra 
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Antineutrinos 
Electrons 
Gammas 

Antineutrinos are the most 
energetic delayed  radiation 

type following a fission burst. 

‘Decay Heat’ for 3 radiation types 
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Decay Energy Systematics 
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