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Figure F - 5. Superimposed Gaussian functions of standard A using a HPGe detector. 

 
 

 
Figure F - 6. Summation of HECC, SCC, and Gaussian functions of standard A using a HPGe detector. 
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Figure F - 7. Superimposed Gaussian functions of standard B using a HPGe detector. 

 
 

 
Figure F - 8. Summation of HECC, SCC, and Gaussian functions of standard B using a HPGe detector. 
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Figure F - 9. Superimposed Gaussian functions of standard C using a LaBr3 detector. 

 
 

 
Figure F - 10. Summation of HECC, SCC, and Gaussian functions of standard C using a LaBr3 detector. 
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Figure F - 11. Superimposed Gaussian functions of standard D using a LaBr3 detector. 

 
 

 
Figure F - 12. Summation of HECC, SCC, and Gaussian functions of standard D using a LaBr3 detector. 
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Figure F - 13. Superimposed Gaussian functions of standard E using a LaBr3 detector. 

 
 

 
Figure F - 14. Summation of HECC, SCC, and Gaussian functions of standard E using a LaBr3 detector. 
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Figure F - 15. Superimposed Gaussian functions of standard F using a LaBr3 detector. 

 
 
 

 
Figure F - 16. Summation of HECC, SCC, and Gaussian functions of standard F using a LaBr3 detector. 
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APPENDIX G : 

CONCURRENT GAUSSIAN FITTING OF ALL PHOTOPEAKS 

Alternative methods to characterize the photopeaks of U-235 sources other than those 
detailed in this research were explored upon completion of the analysis program. The 
alternative method discussed in this appendix was completed to reduce the error provided 
from the photopeak isolation technique discussed in Section 3.6.  

This alternative method, coined the ‘Concurrent Gaussian Fitting,’ fits four separate 
Gaussian distributions to the four photopeaks of gamma rays of interest, 143.76 keV 
(10.96%), 163.356 keV (5.08%), 185.715 keV (57%), and the 202.12 keV (1.08%) / 
205.316 keV (5.02%) summation, at once [42]. This method is completed using a least 
squares fitting approach with initial coefficient guesses gleaned from the coefficient data 
from the photopeak isolation technique. All four Gaussian distributions follow Equation 
3.6. The coefficients from these equations were then manipulated and analyzed according 
to Section 3.7. The Gaussian fits, the total fitting curve, and the spectrum data are 
compared in Figures G – 1 through G – 8. The tables of the Gaussian coefficient data and 
the Gaussian parameters are found in Tables G – 1 through G – 16. Approximations of 
the mass are found in Tables G – 17 through G – 21. 

The concurrent Gaussian fitting method appears to have slightly better percent errors for 
all photopeaks. Table G - 22 recalls the lower and upper bounds of mass error 
percentages for LaBr3 spectra and the mass error percentages of HPGe spectra for the 
photopeak isolation technique and compares it to the values found from the concurrent 
Gaussian fitting technique. In this comparison, the percent error for the 202.12 keV/ 
205.316 keV photopeak decreased substantially. The reason for this decrease is clear 
when examining Figures G – 1 through G – 8, where the 202.12 keV/205.316 keV 
photopeak bleeds into the 185.715 keV photopeak. When the photopeak isolation method 
is applied, the entire peak at the energy of 185.715 keV is subtracted, including the 
portion of the 202.12 keV/205.316 keV photopeak that contaminates the 185.715 keV 
peak. By including the contamination in the concurrent Gaussian fitting technique, more 
accurate results are achieved for the 205.12keV/205.316 keV photopeak. Any 
contamination of other photopeaks by surrounding photopeaks can also be better 
characterized through the concurrent Gaussian fitting as the results indicate. Future 
iterations of the analysis program will continue to examine various techniques of 
characterizing the photopeaks, but for now the concurrent Gaussian fitting technique will 
be the method of choice.  
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Figure G - 1. Concurrent Gaussian fits of U-235 photopeaks for standard A using a LaBr3 detector. 

 
 

 
Figure G - 2. Concurrent Gaussian fits of U-235 photopeaks for standard B using a LaBr3 detector. 
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Figure G - 3. Concurrent Gaussian fits of U-235 photopeaks for standard C using a LaBr3 detector. 

 
 

 
Figure G - 4. Concurrent Gaussian fits of U-235 photopeaks for standard D using a LaBr3 detector. 
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Figure G - 5. Concurrent Gaussian fits of U-235 photopeaks for standard E using a LaBr3 detector. 

 
 

 
Figure G - 6. Concurrent Gaussian fits of U-235 photopeaks for standard F using a LaBr3 detector. 
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Figure G - 7. Concurrent Gaussian fits of U-235 photopeaks for standard A using a HPGe detector. 

 
 

 
Figure G - 8. Concurrent Gaussian fits of U-235 photopeaks for standard B using a HPGe detector. 
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Table G - 1: Gaussian coefficients of standard A's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 0.2826 0.0223 145.28 0.3434 5.3277 0.4861 3.1261 0.0359 
163.356 0.1189 0.0235 164.94 0.7739 4.7927 1.0959 2.4864 0.0286 
185.715 1.4320 0.0204 187.81 0.0792 6.5137 0.1178 43.1843 0.4964 
205.316 0.1452 0.0194 206.82 0.8186 7.2226 1.2306 0.8388 0.0096 

 
 

Table G - 2: Properties of standard A's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 20.071 0.344 14.212 1.148 145.28 0.34 
163.356 16.242 0.775 4.841 0.985 164.94 0.77 
185.715 30.001 0.083 107.662 1.562 187.81 0.08 
205.316 36.887 0.870 13.426 1.825 206.82 0.82 
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Table G - 3: Gaussian coefficients of standard B's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 1.0290 0.0434 144.34 0.2330 6.1092 0.3393 10.9143 0.1269 
163.356 0.6993 0.0373 164.13 0.4129 9.0392 0.7017 6.8438 0.0796 
185.715 7.6062 0.0427 186.20 0.0322 6.5028 0.0509 725.2116 8.4327 
205.316 0.8543 0.0405 204.96 0.2912 7.1846 0.4398 10.4367 0.1214 

 
 

Table G - 4: Properties of standard B's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 26.391 0.240 68.055 2.936 144.34 0.23 
163.356 57.776 0.496 101.245 5.478 164.13 0.41 
185.715 29.901 0.036 569.955 3.272 186.20 0.03 
205.316 36.499 0.311 78.142 3.769 204.96 0.29 
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Table G - 5: Gaussian coefficients of standard C's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 0.1949 0.0394 143.05 0.9059 5.4944 1.2811 7.8888 0.0759 
163.356 0.0938 0.0550 163.69 1.3467 2.8146 1.9045 9.4687 0.0910 
185.715 0.8328 0.0371 186.06 0.2727 6.2287 0.3898 14.3008 0.1375 
205.316 0.0800 0.0316 204.35 3.3670 9.0457 5.2382 2.8529 0.0274 

 
 

Table G - 6: Properties of standard C's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 21.346 0.906 10.426 2.152 143.05 0.91 
163.356 5.602 1.347 1.317 0.835 163.69 1.35 
185.715 27.433 0.276 57.253 2.617 186.06 0.27 
205.316 57.858 3.704 11.602 4.645 204.35 3.37 
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Table G - 7: Gaussian coefficients of standard D's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 0.4430 0.0548 143.24 0.5470 5.4133 0.7735 9.2139 0.0886 
163.356 0.1472 0.0790 162.85 1.1424 2.6094 1.6156 6.4124 0.0617 
185.715 2.4672 0.0527 186.03 0.1116 5.9417 0.1645 57.2100 0.5501 
205.316 0.2472 0.0469 204.25 1.2526 7.7012 1.9135 2.4783 0.0238 

 
 

Table G - 8: Properties of standard D's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 20.721 0.547 23.003 2.911 143.24 0.55 
163.356 4.815 1.142 1.777 1.042 162.85 1.14 
185.715 24.964 0.116 154.345 3.372 186.03 0.11 
205.316 41.937 1.353 25.980 5.002 204.25 1.25 
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Table G - 9: Gaussian coefficients of standard E's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 1.4811 0.1131 143.43 0.3220 5.1630 0.4554 16.7638 0.1612 
163.356 0.4072 0.1392 163.09 0.9515 3.4080 1.3456 9.9836 0.0960 
185.715 8.0902 0.1046 185.95 0.0714 6.1131 0.1052 247.3816 2.3787 
205.316 0.8060 0.0936 204.09 0.8035 7.8934 1.2361 5.7408 0.0552 

 
 

Table G - 10: Properties of standard E's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 18.849 0.322 69.960 5.477 143.43 0.32 
163.356 8.213 0.951 8.382 3.027 163.09 0.95 
185.715 26.425 0.074 535.739 7.090 185.95 0.07 
205.316 44.057 0.874 88.984 10.488 204.09 0.80 
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Table G - 11: Gaussian coefficients of standard F's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 1.7524 0.1393 143.35 0.3394 5.2300 0.4799 13.4960 0.1298 
163.356 0.5591 0.1680 163.22 0.8819 3.5954 1.2472 13.1158 0.1261 
185.715 9.6208 0.1296 185.95 0.0712 6.1358 0.1054 279.8789 2.6911 
205.316 0.9679 0.1188 204.58 0.7734 7.4420 1.1695 6.2539 0.0601 

 
 

Table G - 12: Properties of standard F's photopeaks using a LaBr3 detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 19.341 0.339 84.939 6.914 143.35 0.34 
163.356 9.141 0.882 12.806 4.042 163.22 0.88 
185.715 26.621 0.074 641.822 8.835 185.95 0.07 
205.316 39.161 0.827 94.990 11.831 204.58 0.77 
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Table G - 13: Gaussian coefficients of standard A's photopeaks using a HPGe detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 0.0725 0.0043 144.21 0.0318 -0.6621 0.0450 0.7970 0.0022 
163.356 0.0325 0.0044 163.78 0.0681 0.6107 0.0964 0.6735 0.0019 
185.715 0.3761 0.0042 186.14 0.0062 0.6825 0.0088 12.4049 0.0343 
205.316 0.0332 0.0039 205.72 0.0764 0.8039 0.1081 1.4375 0.0040 

 
 

Table G - 14: Properties of standard A's photopeaks using a HPGe detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 0.310 0.032 0.056 0.007 144.21 0.03 
163.356 0.264 0.068 0.021 0.006 163.78 0.07 
185.715 0.329 0.006 0.310 0.007 186.14 0.01 
205.316 0.457 0.076 0.038 0.008 205.72 0.08 
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Table G - 15: Gaussian coefficients of standard B's photopeaks using a HPGe detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

 ࢇ
(counts/s) 

 ࢇ࣌
(counts/s) 

 ࢈
(keV) 

 ࢈࣌
(keV) 

 ࢉ
(keV) 

 ࢉ࣌
(keV) ࣑ 

࣑

࢜
 

143.76 0.2594 0.0100 144.03 0.0163 0.5200 0.0232 3.7359 0.0106 
163.356 0.1540 0.0098 163.61 0.0280 0.5398 0.0397 1.5401 0.0044 
185.715 2.0694 0.0097 185.96 0.0021 0.5438 0.0030 175.2100 0.4978 
205.316 0.1953 0.0095 205.55 0.0226 0.5658 0.0319 2.7083 0.0077 

 
 

Table G - 16: Properties of standard B's photopeaks using a HPGe detector using concurrent Gaussians. 

Photopeak Energy 
(keV) 

  ࢎ࢚ࢊࢃ
(keV) 

 ࢎ࢚ࢊࢃ࣌
(keV) 

 ࢇࢋ࢘
(counts/s) 

 ࢇࢋ࢘࣌
(counts/s) 

Photopeak 
Location, ࡴ 

(keV) 

 ࡴ࣌
(keV) 

143.76 0.191 0.016 0.124 0.012 144.03 0.02 
163.356 0.206 0.028 0.080 0.012 163.61 0.03 
185.715 0.209 0.002 1.084 0.012 185.96 0.002 
205.316 0.226 0.023 0.111 0.012 205.55 0.02 
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Table G - 17: Mass calculation of standard B using standard A with a LaBr3 detector using concurrent Gaussians. 

Energy 
(keV) 

Attenuation 
Correction 
Factor of 

Standard A 

Attenuation 
Correction 
Factor of 

Standard B 

Mass of 
Standard A 

(g) 

Actual 
Mass of 

Standard B 
(g) 

Calculated 
Mass of 

Standard B 
(g) 

Uncertainty 
in Mass of 

Standard B 
(g) 

Percent Error 
Mass of 

Standard B 
(%) 

143.76 1.084794 4.58 1.00 11.00 17.63 2.46 60.279 
163.356 1.061446 3.4 1.00 11.00 35.52 11.25 222.909 
185.715 1.044618 2.65 1.00 11.00 13.45 0.34 22.292 
205.316 1.035036 2.26 1.00 11.00 12.78 2.94 16.139 

 
 

Table G - 18: Mass calculation of standard D using standard C with a LaBr3 detector using concurrent Gaussians. 

Energy 
(keV) 

Attenuation 
Correction 
Factor of 

Standard C 

Attenuation 
Correction 
Factor of 

Standard D 

Mass of 
Standard C 

(g) 

Actual 
Mass of 

Standard D 
(g) 

Calculated 
Mass of 

Standard D 
(g) 

Uncertainty 
in Mass of 

Standard D 
(g) 

Percent Error 
Mass of 

Standard D 
(%) 

143.76 1.00 1.00 2.20 6.85 4.93 1.78 28.079 
163.356 1.00 1.00 2.20 6.85 3.20 3.88 53.275 
185.715 1.00 1.00 2.20 6.85 6.22 0.52 9.237 
205.316 1.00 1.00 2.20 6.85 5.79 4.44 15.525 
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Table G - 19: Mass calculation of standard E using standard C with a LaBr3 detector using concurrent Gaussians. 

Energy 
(keV) 

Attenuation 
Correction 
Factor of 

Standard C 

Attenuation 
Correction 
Factor of 

Standard E 

Mass of 
Standard C 

(g) 

Actual 
Mass of 

Standard E 
(g) 

Calculated 
Mass of 

Standard E 
(g) 

Uncertainty 
in Mass of 

Standard E 
(g) 

Percent Error 
Mass of 

Standard E 
(%) 

143.76 1.00 1.00 2.20 16.62 15.71 5.18 5.475 
163.356 1.00 1.00 2.20 16.62 11.56 11.99 30.437 
185.715 1.00 1.00 2.20 16.62 20.98 1.67 26.205 
205.316 1.00 1.00 2.20 16.62 19.34 14.07 16.345 

 
 

Table G - 20: Mass calculation of standard F using standard C with a LaBr3 detector using concurrent Gaussians. 

Energy 
(keV) 

Attenuation 
Correction 
Factor of 

Standard C 

Attenuation 
Correction 
Factor of 

Standard F 

Mass of 
Standard C 

(g) 

Actual 
Mass of 

Standard F 
(g) 

Calculated 
Mass of 

Standard F 
(g) 

Uncertainty 
in Mass of 
Standard F 

(g) 

Percent Error 
Mass of 

Standard F 
(%) 

143.76 1.00 1.00 2.20 22.17 18.83 6.24 15.068 
163.356 1.00 1.00 2.20 22.17 16.74 16.85 24.474 
185.715 1.00 1.00 2.20 22.17 25.04 2.00 12.928 
205.316 1.00 1.00 2.20 22.17 21.89 15.96 1.245 
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Table G - 21: Mass calculation of standard B using standard A with a HPGe detector using concurrent Gaussians. 

Energy 
(keV) 

Attenuation 
Correction 
Factor of 

Standard A 

Attenuation 
Correction 
Factor of 

Standard B 

Mass of 
Standard A 

(g) 

Actual 
Mass of 

Standard B 
(g) 

Calculated 
Mass of 

Standard B 
(g) 

Uncertainty 
in Mass of 

Standard B 
(g) 

Percent Error 
Mass of 

Standard B 
(%) 

143.76 1.08 4.58 1.00 11.00 11.87 1.28 7.884 
163.356 1.06 3.40 1.00 11.00 13.42 3.09 21.997 
185.715 1.04 2.65 1.00 11.00 11.12 0.21 1.115 
205.316 1.04 2.26 1.00 11.00 9.03 1.74 17.938 

 
 

Table G - 22: Comparison of photopeak isolation method to conccurrent Gaussian method mass values. 

Photopeak 
Energy 
(keV) 

Photopeak 
Isolation: 

Lower Mass 
% Error for 

LaBr3 

Photopeak 
Isolation: 

Upper Mass 
% Error 

for LaBr3 

Photopeak 
Isolation: 

Mass 
% Error 
for HPGe 

Concurrent 
Gaussian: 

Lower Mass 
% Error for 

LaBr3 

Concurrent 
Gaussian: 

Upper Mass 
% Error 

for LaBr3 

Concurrent 
Gaussian: 

Mass 
% Error 
for HPGe 

143.76 4.65% 67.65% 7.89% 5.475% 60.279% 7.884% 
163.356 24.26% 205.8% 21.99% 24.474% 222.909% 21.997% 
185.715 10.33% 24.89% 1.12% 9.237% 26.205% 1.115% 
205.316 10.46% 31.31% 18.06% 1.245% 16.345% 7.938% 
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