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Objective
•New experiment to investigate this discrepancy between theoretical and experimental 

values

•A better understanding of where the αK value stands will greatly help to balance the decay 

scheme intensities, to assist in assigning multipolaties and spins, etc.

•The ICC’s recommended  by the nuclear data community used by basic science and 

applications are obtained by calculations. Based on the Texas A&M series of ICC 

measurements (supported by this one), the theory including the atomic vacancy has 

become standard.

Motivation

•Neméth and Veres performed experiments to determine the Internal Conversion 

Coefficient (ICC), αK, for the 150.8 keV, E3 transition from the 111mCd isomer.  They 

observed an αK to be 1.29 ± 0.11. 

•Theory, however, calculates higher ICC values, depending on the treatment of the 

atomic vacancy. 

 If the atomic vacancy is included, αK = 1.450.

 If the atomic vacancy is neglected, αK = 1.425.

Theory and Experimental Work

Introduction

When a nuclear excited state electromagnetically decays it either emits a gamma ray, 

or emits an electron by an internal conversion process.

• Internal conversion processes occur when the wave function of the nucleus is 

overlapping the wave function of the atomic shells. 

• This overlap allows the excess energy from the nucleus to transfer, and eject an 

atomic electron.

Analyses

Discussion

Our experimental αK value disagrees with the experimental measurement Németh, 

and Veres obtained. It agrees with the theoretical value which included the effect of 

the atomic vacancy. When an electron is ejected, the average time it takes for a 

higher electron to occupy the K atomic vacancy is in the order of 10-15 to 10-17s, which 

is much longer than the 10-18 s it takes for an electron to leave the atom. Thus the 

vacancy must be considered in the calculation of the αK value.  

Summary

Peak Fitting Area Correction Analysis

Gamma SpectroscopyTheory

Results

After subtracting all impurities from the 111mCd 150 keV X-ray, we calculated the αK

value to be equal to 1.458 ± 0.018.
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Figure 5 displays a fit for the 150keV peak

Figure 6 displays a fit for the X-Ray region

High Purity Germanium detectors use 

semiconductor properties in order to detect when 

an electron from the germanium crystal has 

gained enough energy to leap from the valence 

band into the conduction band (Figure 3 illustrates 

this). This energy comes from a collision with a 

gamma or X-ray quanta from the sample. When 

this occurs, the apparatus generates an electric 

pulse. This pulse gets amplified twice before the 

computer can display its energy and counts. Valence band

Conduction 

band

Figure 3 displaying a semiconductor 

diagram of the band gap

Figure 4 shows the set up of the apparatus used

The atoms that interfere 

with our X-ray region are:

• 117Cd (2.49h)

• 116mIn (54.2m)

• 117In (43.3m)

• 117mIn (116.2m)

• 115Cd (53.5h)

An Impurity Analysis tells us:

• What impurity isotopes were present in the sample

• Which atoms to take into consideration when calculating the intensity of the 111mCd X-

ray

Impurity Analysis

The peaks of the gamma rays of 111mCd as 

well as the impurities were fitted using the 

program gf3. Because X-rays tend to overlap 

each other, the X-ray region was fitted as a 

whole, and later corrected in the Area 

Correction Analysis step. Below, Equation 1 

shows the relationship between the area and 

the intensities of the X-rays.

Impurity Gamma Area X-ray Corr

111mCd 245keV 310579(565) 20048(377)

117Cd 274keV 855(20) 269(12)

117Cd 344keV 518(22) 302(19)

116mIn 1097keV 172(31) 13(2)

116mIn 417keV 173(2) 14(2)

117In 553keV 1399(45) 402(29)

117mIn 315keV 433(33) 746(59)

117mIn 315keV 433(33) 75(6)

A nucleus in an excited state decays by a series of consecutive transitions in 

order to reach its ground state. When an electromagnetic transition takes 

place in between an initial and a final state, either a converted electron is 

emitted (which leaves behind an atomic vacancy, Figure 1) or a gamma ray 

(Figure 2). If we assume these are the only two options an excited state has, 

Equation 1 is valid. The αK value is defined as the ratio of the probability of 

electrons being emitted to the probability of  gamma rays being emitted 

(Equation 2). After the converted electron is emitted the vacancy is occupied  

and an x ray is emitted. However not all electrons result in an X-ray, thus the 

fluorescence yield of Cd should be used to estimate the amount of electrons 

being ejected (Equation 3) . By our experimental method we measure the 

Kx rays peaks and the gamma peak to determine the αK.

Figure 1: Internal 

Conversion reaction

Figure 2: Gamma ray 

emitted
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1.450 1.425 1.29(11) 1.458(18)
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