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Internal Conversion Coefficients (ICC):  

• Big impact on quality of nuclear science 

• Central for NSDD-USNDP and other nuclear data programs 

• Intensely studied by theory and experiment 

• Important result for nuclear data communities:  

The calculations including the atomic vacancy are now 

standard! 

 



Survey of ICC’s theories and measurements 
S.Raman, C.W.Nestor, Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys.Rev. C66, 044312 

(2002) 

Theory: Relativeistic Hartree Fock Slater and Relativestic Dirac Fock 

comparison 

      Exchange interaction, Finite size of nucleus, Hole treatment 
 

•   Experiment: 

100 E2, M3, E3, M4, E5 ICC values, 0.5%-6% precision,            

 very few <1% precision! 
 

• Conclusions, Δ(exp:theory)%: 
 

     No hole: +0.19(26)% BEST (bound and continuum states - SCF of neutral atom 
 

        Hole-SCF: -0.94(24)%(continuum - SCF of ion +  hole (full relaxation of ion orbitals) 

        Hole-FO: -1.18(24)%(continuum - ion field from bound wave functions of neutral atom (no 

              relaxation of ion orbitals)) 

PHYSICAL ARGUMENT 

K-shell filling time vs. time to leave atom 

~10-15 – 10-17 s  »   ~10-18 s 



S.Raman, C.W.Nestor, Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys.Rev. C66, 044312 (2002) 

100 αK(exp) cases compared with ‘hole FO’ calculations 



 

KX to γ rays ratio method 
o Single-transition level scheme (or dominated by a strong 

transition) 

o Sources for nth activation 
 Small selfabsorption (< 0.1%) 

 Dead time (< 5%) 

 Statistics (> 10
6
 for γ or x-rays)  

 High spectrum purity 

 Minimize activation time (0.5 h) 
 

o Impurity analysis - essentially based on ENSDF 
 Trace and correct impurity to 0.01% level 

 Use decay-curve analysis 

 Especially important for the K X-ray region 
 

o Voigt-shape (Lorentzian) correction for X-rays 
 Done by simulation spectra, analyzed as the real spectra 

 

o Coincidence summing correction (including angular 

correlation) 

 



 

  

 

 



 

111mCd  150.8 keV, E3 transition  
   

 α(K)exp = 1.29 11, %unc=8.5 (Zs.Nemeth, A.Veres, Phys.Rev. C35, 2294 (1987) 

 α(K)hole_FO = 1.450, α(K)no_hole = 1.425, ΔK = 1.7% 

 

 

 

 
 



Data analysis and Results 

 

 

 

 

 

 

 
 

 

 



Current status of precision ICC measurements 

Comparison of the six measured αK values with 
Dirac-Fock theoretical calculations 

 

 

 

 

 

 

 
 

 

Conclusions: 
- Theory calculations that include the 

atomic vacancy are in best agreement 
with measurements 

- As a result of our studies USNDP, 
NSDD, and DDEP adopted the 
calculations including the atomic 
vacancy in the databases 
 

Percentage difference between measured and 
calculated ICCs for the two Dirac-Fock calculations. 
The measured values include our published αK values 

 

 

 

 

 

 

 

 



Backup material 
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