


show a better match with the normal distribution, but it still deviates when measurements
are too big or too small. It means that results from peak fitting for Shelburne are
somewhat close to the actual values in comparison of EVA. However, it could have
overestimating issues when it comes to larger and smaller values. The third plot of

Fig.5a shows the agreements between two methods, and deviation is becoming larger for

big values.
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Fig.5a (left) is q-q plots for Shelburne. The top plot is results from EVA; the medium one is results from
peak fitting, and the bottom one is FWHM from peak fitting versus EVA. Fig. 5b (right) is showing q-q
plots for Etter. The top one is results from EVA, the medium one is results of main peaks from peak fitting,
and the bottom one is results of total peaks from peak fitting. As shown in Fig. 5b medium plot, main peaks
from peak fitting has better fit with standard distribution compared with EVA (the top plot in Fig. 5b). The
total peaks plot has better fit of values near mean with standard distribution (the medium plot in Fig. 5b).

Fig. 5b shows g-q plot of results for Etter. Similarly, the g-q plot of peak fitting of
main peaks (excluded broadened peaks) is indicating a slightly better match with standard
distribution for larger measurements. Rotation pattern is changed for peak fitting of total

peaks (as in the third plot), but it has the better match for values close to mean.

Fig. 6 is showing the comparison of two methods for Etter. Fig.6a is peak fitting
of main peaks (excluding broadening peaks) versus EVA, and Fig. 6b is peak fitting of
total peaks (including broadened peaks) versus EVA. Because of effects of broadened
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peaks, measurements of FWHM for total peaks are increased; therefore Fig. 6b is
showing larger deviation for measurements with bigger values. In contrast, Fig.6a shows

better agreement with EVA.
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Fig. 6a (top) is q-q plot of FWHM of main peaks (excluding broadened peaks) and results from EVA. Fig.
6b (bottom) is g-q plot of FWHM of total peaks (including broadened peaks) versus EVA, and it shows

larger deviation for big measurements.

4.2 Reliability of Peak Fitting for Pseudo-Symmetrical Peaks and Noisy Peaks
4.21 Pseudo-Symmetrical Peaks

As discussed in Method chapter, since no correlation is adapted to fitting function
(Eq. 1), it is crucial to peak intensity. When the program starts to fit raw data, it does not
have the ability to distinguish signal intensities from noise intensities, and it fit the
apparent intensity. Therefore, theoretically, the fitting results should always be bigger
than the real signal intensities. Nevertheless, when noise intensities are ignorable, it is

safe to assume fitted peaks is approximately equal to signal intensity (As shown in Eq. 2,

3, and 4).
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Hence, peak fitting method is considerably reliable when handling with high-
intensity peaks especially for obviously overlapped peaks as shown in Figla. The results
are becoming suspicious when dealing with “pseudo-symmetrical” peaks because the
signatures for overlapped peaks are less distinguishable as they are merging. The result
is somewhat subjective and mostly depend on the person who is doing peak fitting.
Criteria that are used in this project is based on peak shapes, bulk intensities, R-squared
values and RMSE. Following example shows effects of different numbers of fitting

peaks on above criteria.

Shelburne 20 A is a typical example of “pseudo-symmetrical” peak. It has high
intensity (Imax >12000) with high SNR and smooth peak shape. The intensity
contribution from noise is ignorable. Fig. 7a, b, and c have three, four and five fitting
peaks respectively. Table 2 organizes the criteria that evaluate fit in this project. As
shown in Fig.7a, three peaks result in overestimate of maximum intensity from the single
peak. When increasing numbers of peaks, the overall intensities are starting to fit the
original data, and the RMSE is dropping from 102 to 59.9. However, the potential issue is

large FWHM measurements from overestimation by fitting too many peaks.

Single peak fitting certainly produces smaller values compared with actual values
(as the case in EVA). It is because, in this case, small bumps merged in the main peaks
cannot be ignored as their intensities are considerably high and are great higher than
noise intensities (e.g. loumps in Fig.5a are higher than 2000). It is arguable that how many

peaks are adequate to gain a reasonable measurement, and a cut-off number is needed.
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1 and evaluation criteria. It is a scan from Shelburne
= | 20 A, a typical “pseudo-symmetrical” peak.
o) Numbers of fitting peaks are arguable in this case.
- ] Comparison of each criteria is organized in
following table.
Table 3. Effects of Numbers of Fitting Peaks.
EVA / / 0.56
3 peaks 0.998 105.6 1.06
4 peaks 0.999 68.8 1.60
5peaks 0.999(9) 59.9 1.94
4.22 Noisy Peaks

Noisy peaks are peaks with larger noise intensities, in this case, Eq.3 may fail.

Hence, intensity contribution from noise function may not be ignored as signal intensities

are not large enough and are less distinguishable. Peak fitting method always fits bulk
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intensities; herein the results would be considerably bigger than real values. Broadened
peaks also appear in this case, as discussed in Chapter 3, which would dramatically
increase values of FWHM. The measurements made are becoming more suspicious.

Fewer peaks should be used to fit raw data to avoid overestimation issue.
N(x) < F(x) (Eq.3) - N(x) < or ~ F(x)

Broadened peaks require further investigation to determine the origin, however,
based on current analysis, they are certainly related to peak intensities. In a post-process
of peak fitting for Etter, these broadened peaks are separated from the total peaks, and
FWHM for the rest peaks (so called main peaks) are re-measured. A ratio of new FWHM
(main peaks) and total FWHM (total measurements) are generated. As the ratio is close to
1, it means the contribution from the main peaks are getting bigger, in contrast, the
effects from broadened peaks are becoming smaller. This ratio is plotted as a function of
overall peak intensities. This is a preliminary analysis of the broadened peaks only based
on current data. Improving intensity may help to avoid broadened peak issue and increase

reliability of results from both EVA and peak fitting.
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Fig.8a (left) Plot of main/total FWHM ratio versus average intensity. Fig.8b (right) Plot of main/total
FWHM ratio versus highest intensity. The red spot is an extreme example for low intensity peaks that other
main peas are no longer distinguishable from broadened peaks, therefore, only one peak is used to fit the

data.

4.3 Summary and Tips on Peak Fitting
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Based on the current study, some tips may help improve the reliability when one is doing
peak fitting:

e Opverall, the number of fitting peaks should be as small as possible, because it is
easy to have overestimation issue.

e For high intensity and smooth “pseudo-symmetrical” peaks, numbers of fitting
peaks are still arguable. However, small bumps on peak shoulders or limbs also
have high intensities. If they are clearly higher than the background, ignoring
would potentially have signal loss problem.

e For noisy peaks, one should use as less as possible peaks to fit the raw data,
because the assumption of noise function and signal function is no longer held
(Eq. 3). Now it is becoming extremely sensitive to overestimation issue, add extra
peaks will dramatically enlarge the measurements.

e Improve peak intensities if one can. It can potentially avoid broadened peak issue,
which makes results more reliable no matter for EVA or peak fitting.

Peak fitting technique can be helpful to get close to true values. It is favorable for high-
intensity peaks, and asymmetrical peaks that overlapped peaks can be clearly
distinguished individually, the results gained from these peaks should have a high
reliability. Fig.9 shows the comparison of the measurements regarding the two different
methods. In this plot, Etter is using FHWM from main peaks since the origin of
broadened peaks is still not clear. Peak-fitting results for Shelburne may have higher

reliabilities because of high SNR, and Eq.3 &4 are yielded.

Fig.9 Scatter plot of FWHM from two methods. As demonstrated above, peak fitting always providing
larger values. Peak-fitting results for Shelburne may have higher reliabilities because of high SNR and no

occurrence of broadened-peak issue. Etter is using FWHM from main peaks in this plot.

5. Future Work
5.1 Time-Changing Micro-XRD Experiments on Known Shock Stage Meteorites

This is an idea being brought up during a face meeting with Dr. Phil McCausland
and Dr. Roberta Flemming. Ideally, a series of micro-XRD experiments will be
conducted on known-shock-stage meteorites with various targeting time. The peaks
generated from these experiments would have various intensities with changing peak
shapes. Because width and height determine shapes of peaks, by measuring FWHM and
height of these peaks, it will help to develop a cut-off value to determine what kind of
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peaks should be ignored during peak fitting or measuring FWHM. It would help future

work on thesis projectt.
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5.2 Quantify Shock Stages for Ureilite Samples.

This is a long-term goal for the thesis project. A suite of ureilite samples will be
examined by micro-XRD, and shock stages will be determined by both petrographic
observation and micro-XRD analysis. Olivine with multiple lattice planes will be
primarily analyzed. If finalized peak-fitting method is proved to be efficient and reliable
after time-changing experiments, it will greatly help to quantify the shock stages for

ureilites or even for other meteorites.
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