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Abstract 

55Fe radioactive sources are used for x-ray calibration due to the long half-lives of 2.73 

years and the optimal energies of the peaks. The source used in the experiment was generated 

using Western Michigan University’s Tandem Van de Graff accelerator to produce a 6 MeV 

proton beam which induced a 55Mn(p, n)55Fe reaction on a 10 µm 55Mn target. The emissions 

from this target were then measured using a silicon lithium drift x-ray detector to determine 

the number of instances of deexcitation through kα and kβ modes. The preliminary data 

discussed showed a lower relative deexcitation rate of 6.67 between the kα and kβ x-ray 

emissions when compared to previous data indicating a ratio closer to 8.6, which is not 

accounted for in statistical error [1]. Future analysis will aim to explain this discrepancy, which 

is likely experimental as discussed in this paper. Should it be shown that the methods discussed 

in this paper are an effective means of decreasing error in measurements of these deexcitation 

intensities, it would have applications in x-ray telescope calibration. This would in turn reduce 

error in measurements taken by x-ray telescopes that utilize a 55Fe source for calibration. 
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Electron Capture and Deexcitation 

Electron capture is a beta decay process where an electron from the k shell of an atom 

is absorbed into the nucleus, resulting in the conversion of a proton to a neutron. Decaying 

through this process results in a hole in the k shell as shown in image 1. 

 

Image 1: This image shows the electron capture process of 55Fe + e → 55Mn. As a result of the 
nucleus absorbing an electron in the k shell, a hole is generated, which can be filled by 

deexcitation from upper shells. 

The hole produced because of this process provides an opportunity for electrons from 

the M and L shells to deexcite. When electrons from the M shell deexcite to the K shell, the 

resulting characteristic x-ray is called a kα x-ray emission and likewise, an L shell deexcitation 

results in a kβ x-ray emission. The energies of these emissions are kα1 = 5.888 KeV, kα2 = 5.599 

KeV, and kβ = 6.49 KeV for both kβ1 and kβ2 [1]. The minor differences in energy between the 

kα1 and kα2 emissions are due to the different spins of the electron that deexcites. The 

difference in energy of the kβ1 and kβ2 is lesser known but results from similarly spin related 

causes. The goal of this experiment was to measure the relative deexcitation rates of M and L 
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shell electrons to the K shell to demonstrate that improvements in the uncertainty of the 

known values were possible. The best-known values for these deexcitations can be found in the 

appendix in table 1 [1]. 

Tandem Van de Graff Accelerator Functions and Usage 

The Western Michigan University (WMU) Tandem Van de Graff accelerator utilizes 

electrostatic potentials generated by 2 large Van de Graff generators [2]. This means that 2 

metal belts are used to generate electrostatic potential across a large chamber. Protons are 

moved towards this chamber, where the fields generated due to the large electrostatic 

potential difference across the chamber induces acceleration of the beam down the beamline, 

generating packets of protons with energies upwards of 11 MeV. The packets of protons are 

then directed into a chamber where they can collide with a target material. 

In this experiment, the Tandem Van de Graff accelerator was used to direct a 6 MeV 

beam of protons onto a 55Mn target, with the goal of inducing the 55Mn(p, n)55Fe nuclear 

reaction. The constraints for the beam line were found using the nuclear reaction equation 1 

[3]. 

𝑡 =
ିଵ

ఒ
ln(1 −  𝐴

Φ𝑁𝜎ൗ )       (1) 

In this equation, t is exposure time, λ = ln 2
𝑇ଵ/ଶ

ൗ , 𝑇ଵ/ଶ is the half-life of the material, A is 

the activity in becquerel, N is the number of target atoms per cm2, 𝜎 is the nuclear reaction 

cross section, and Φ is the beam intensity. The nuclear reaction cross section for 55Mn(p, 

n)55Fe was found using the JANIS database with TENDEL simulated incident proton data [4-5]. 
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Silicon Lithium Drift X-Ray Detector 

The x-ray detector used in the experiment was a silicon lithium drift (SiLi) x-ray detector 

[6]. This was because the range of operation was optimal, allowing for most of the x-rays 

released by the 55Fe source to be captured. The operational range is shown in image 2. 

 

Image 2: This is the efficiency curve for the SiLi detector used in the experiment. This 

detector has an efficiency of 96% to 100% over the interval of interest. 

 This detector did not have large enough channel width to distinguish between either kα1 

and kα2 or kβ1 and kβ2, as it was found to have a channel width of approximately 22 eV. For this 

reason, all preliminary data is discussed in terms of the kα and kβ peaks. Once the data was 

collected from the SiLi detector, a python program was written to analyze the ascii data sheets 

and produce fits of the data to gaussians to check for normalcy in the data. 
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Applications 

 This research aims to demonstrate that an improvement in the measurement error of 

the deexcitation intensities of a 55Fe sample can be achieved with the proper methodology and 

equipment. The reduced error in these results would allow for improved calibration of x-ray 

observatories and telescopes on Earth and in space. X-ray telescopes in space take x-ray 

sources with them to routinely recalibrate their detectors. One such common source for 

calibrations of this type is 55Fe. By reducing the error in the known values for the deexcitation 

intensities of kα and kβ emissions emitted from the 55Fe source, the telescopes that calibrate 

using this will see a similar decrease in the systematic error that must be accounted for when 

calculating error in any measurement taken. With a reduction from 10% error down to 1% error 

in deexcitation intensity values, modern measurement methods would allow us to address 

several important scientific questions that include improved measurements of the Hubble 

constant [7-10], determination of cosmological constrains from galactic clusters, the study of 

the cosmic X-ray background [11], and exploration of the nature of black holes and neutron 

stars [12]. 

Preliminary Results 

The x-ray spectrum generated by the 55Fe sources is shown in graph 1 and 2. Graph 1 

shows the energy in KeV vs the Counts on a linear scale, where there is a minimal effect on the 

data due to the background radiation. In graph 2, the same data is shown where the axis are 

energy in KeV vs log10(counts). This allows for the identification of 3 peaks in the region of 

interest. 
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Graph 1 and 2: In graph 1 on the left, the scales are linear showing that the background is 

largely insignificant in the data relative to the kα and kβ peaks. In graph 2 on the right, the log 

of the counts is shown. This shows that there are 3 peaks in the data. 

  These peaks are fitted to a gaussian in graphs 3, 4, and 5. Graph 3 shows a gauss fit of 

the kα peak. This graph fits the gaussian, indicating that there is not a significant smaller peak 

from a different material effecting this data.  

 

Graph 3: This graph shows a gaussian fit of the data for the kα peak, indicating that the curve is 

gaussian. 
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In graph 4, the kβ peak was fitted with a gaussian. The graph fits well apart from the 

raised lower energy end of the curve. This indicates that there is some overlap of the data from 

the kα with the kβ curve. Aside from this overlap, the curve fits a gaussian, suggesting there is 

also not a significant smaller peak from a different decay process contained in the peak. 

 

Graph 4: This graph shows a gaussian fit of the data for the kβ peak, indicating that the curve is 

gaussian. The lower energy is offset from the gaussian, indicating an overlap with the kα peak. 

 

Graph 5: This graph shows the silicon escape peak that is seen in graph 2. 
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In graph 5, the lowest energy peak is found to be a silicon escape peak. This is generated 

from partially irradiated sections of the SiLi detector. Due to the lower counts creating high 

statistical error, it does not quite fit a gaussian. The low counts and peak energy difference 

between the escape peak and the kα peak indicates that this does not have a significant effect 

on the data. 

Analysis and Discussion 

 The upper bound on the experimental error in the relative deexcitation of the kα and kβ 

peaks from previous data can be found to be around 8.6 ± 0.8 [1]. When dividing the total 

counts under the kα and kβ curves, a ratio of 6.67 ± 0.02 is found. The error in this is purely 

statistical, so the experimental error has not been accounted for in this data. Unless there is an 

extreme source of error in this data, the values can not be within error of one another. This 

indicates that there is either an issue in the experimental setup or in the methodology. 

 The first aspect to check for the source of this error is if there are any elements that 

have extremely similar peak energies that could fit the data effectively enough to not be 

detected through gaussian analysis. The only candidate for this is 55Co, which can be generated 

in this system via a secondary (p, n) process. While the original process used to generate the 

55Fe source was 55Mn(p, n)55Fe, a secondary process is 55Fe(p, n)55Co. This can be ruled out 

due to the half life of 55Co. Since 55Co has a half-life of 17.5 hours, if this was the source of the 

discrepancy, then this discrepancy would decrease over the time of the data collection. In this 

experiment, 5 ascii sheets were generated by the SiLi detector due to brief periods where the 

detector was shut off to refill with liquid nitrogen. Graph 6 was generated by looking at the 
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combined data with statistical error in these results. Given the large exposure time, if this result 

was due to 55Co, the graph would show the ratio increasing as the 55Co decayed. 

 

Graph 6: In this graph, the emission ratios for the 5 data sheets were analyzed, showing that 

the emission ratio was consistent within error through the whole experiment. This indicates 

that the discrepancy was not due to a short-lived radioactive nucleus under the kβ curve. 

The efficiency of the detector is also not the source of the error. For this error to be due 

to detector efficiency, it would require an efficiency difference at the peaks of the 2 curves to 

be 15%. However, since the efficiency is between 96% and 100% over the interval of interest, 

this is not the source. This can also not be due to the cosmic ray background, as the background 

seen in graphs 1 and 2 is too small to have an effect this large in the data set. Future analysis of 

the experimental setup will seek to determine the source of the error in this data and use a 

higher activity target to obtain more substantive data. 
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Appendix 

Transition Type Intensity Error 
kα1 16.2% ± 0.7 ± 4.3% 
Kα2 8.2% ± 0.4 ± 4.9% 
kβ1 1.89% ± 0.09 ± 4.8% 
Kβ2 0.96% ± 0.05 ± 5.2% 

Table 1: These are the best known deexcitation intensities for 55Mn. The table shows that 

there is an uncertainty in these measurements of around 10%, which contributes to uncertainty 

when used for calibrations. The remaining intensity is found in processes that weren’t observed 

in the experiment as well as in the Bremsstrahlung radiation generated from the Auger 

electrons generated during 55Fe decay. 
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