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Abstract

ROOT is a framework for a physicist to save data, to access the data, to mine the data and to publish results in a graphical interface.
As a gamma ray spectroscopist, one of the most useful features of it is to estimate and to calculate the integral of a peak area. When
this is done, not always these peaks can be isolated easily. Also, the methods differ the results of the total counts under the peak areas.
Regardless of the detector types, the written C++ codes for ROOT can be easily implemented and adjusted for any peak situation. As
an example, Maestro, which is a multichannel analyzer (MCA) emulation software package, is one of the most common software for
Nal detector type. However, the users of this package mostly do not know the details of its procedure to collect and integrate the total
counts for each individual gamma-ray. For that reason, it will be useful to indicate the comparisons for an experimental data by using
Covell and Total Peak Area (TPA) methods between ROOT and Maestro.
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Covell ve Toplam Pik Alam1 Methodlariyla Gama Isinlarinin
Analizleri Yapilirken ROOT Uygulamasinin Kullanim

Ozet

ROOQT, bir fizikg¢i igin veri depolamak, veriye ulasmak, veriyi arastirmak ve sonuglar1 grafiksel bir arayiizle ortaya koymaya yarayan
bir ¢aligma alanidir. Gama 1511 spektroskopisi uzmani olarak, ROOT uygulamasinin en yararl 6zelliklerinden biri, bir gama 151m pik
alanini tahmin edebilmesi ve hesaplayabilmesidir. Bu islem yapilirken, her zaman pikler kolaylikla izole edilemezler. Ayrica, segilen
yonteme gore toplam pik alani1 sonuglar1 da farklilik gosterecektir. Dedektor tipine bagli olmaksizin, ROOT i¢in yazilmig C++ kodlari
herhangi bir pik durumu igin kolaylikla uygulanabilmekte ve ayarlanabilmektedir. Ornegin, ok kanalli analizor 6rnegi olan Maestro
yazilim paketi, Nal dedektorleri i¢in en ¢ok kullanilan yazilimlardan biridir. Buna ragmen, bu yazilimin kullanicilart her bir gama 151m
sayim sayisinin nasil toplandigini ve hesaplandigini detayl bir sekilde bilmemektedir. Bu yiizden, deneysel bir veri iizerinden Covell
ve Toplam Pik Alani metodlarmin karsilagtirmasint ROOT ve Maestro arasinda yapmak faydali olacaktir.

Anahtar Kelimeler: ROOT, Maestro, Covell metodu, Toplam Pik Alan1 metodu, C++ kodlar.
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1. Introduction

Before getting into any calculations, it is better to mention about
statistics in counting of gamma-rays in specific. Statistics are
unavoidable naturally occurring mathematical concept which
nuclear physicists will encounter. In most laboratories, nuclear
physicists mostly work on a radioactive substance that decays
randomly. Moreover, this randomness provides a statistical
approach by nature. Thus, all measurements can be just an
estimate of a decay rate. In the simplest view, one detection
requires a radioactive material, a detection system, a tool of
counting, and a time period. After measuring the rate in the events,
this can be related directly and proportionally to the number of
atoms in the source to define the activity of a source. Despite these
aspects, only the integration of peak area measurements (counts)
will be calculated here. By doing so, relevant background
subtraction and fitting methods will be presented respectively.
The tools for investigation in this study were Maestro software
calculations (A65-B32 Software’s User’s Manual, 2020), Covell
method (Gilmore, 2008; Heydorn & Lada, 1972; Covell, 1959),
Total Peak Area (TPA) method (Covell, 1959; Loska, 1987), and
the ROOT coding via fittings.

2. Methodology and Analysis

Over the years, y-ray spectroscopists have used some simple
and complicated algorithms to integrate the peak areas under the
peak of interest (POI). However, the Covell and TPA methods will
be under investigation in this study. Their results will be compared
with the MAESTRO software calculations and the result of
ROOT fits. As an experimental data to apply those calculations
and fits, 661keV y-ray peak of 137Cs and y-ray peaks of 60Co at
1173 keV and 1332 keV were used. For the analysis, the details
of the point sources were irrelevant.

Around the world, Nal(TIl) detectors are one of the most
common ones in university laboratories due to their affordable
cost. These detectors use mostly Maestro-32 software on
Windows with MCA emulators embedded in them. This MCA
emulates, sorts and counts events in real time during any
experiment. Their sorting relies on some properties of these
events. For this study, the only detail we should know is that these
events were grouped inside the bins which were shown as
channels. The multichannel analysis of the event is called pulse-
height analysis (PHA) whose signals are triggered every time
when a detector has hit via y-rays. The characteristic part of these
heights or voltages seen on the systems is that they are
proportional to the y-ray energies. Thus, the hits will be
categorized by their heights. The detection system has also analog
to digital converter (ADC) which translates the analog signal to a
digital representation in the channel number. Therefore, each
channel corresponds to a pulse height or a voltage. MCA commits
them into a memory as the distribution of pulses in ascending
energy order while the pulses of y-rays arrive to a detector. In the
meantime, ADC channels also store similar signals, but not
necessarily identical ones. This complete picture is, then, called
spectrum. For the y-ray count analysis, the data should be saved,
for simplicity, as a spectrum with equal bin width. Additionally,
this structure can be called histogram of interest. Specifically, the
analyzed spectra will remain uncalibrated in terms of energy in
this study. The methods of integrations for counting the y-rays will
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be given as following respectively: Maestro calculations, Covell
and TPA method calculations, and ROOT fit results.

Figure la shows the representation of Maestro software’s
calculations. For the uncalibrated spectrum, software gives some
information: the channel centroid, FWHM in channels, gross area,
net area, and the net-area uncertainty for the region of interest
(ROI) marked by the user according to the manual (A65-B32
Software’s User’s Manual, 2020). The program deducts the
calculated background channel by channel. Then, it tries the least-
squares fit of a Gaussian (Squires, 2001; Baedecker & Grossman,
1989) function to the net area. If successful, the fitted function
will give the centroid. If not, the peak position was decided at
where the highest number of counts within the peak limits. Linear
interpolation between the background-subtracted channels will
give the reported widths. Because of the software’s version, there
was no fit on display during the analysis. The Fig. 1a indicates the
low (I) and high limit (h) of the ROI, count number as C; at ith
channel, Aw as the net area and Gy, ; as the adjusted gross area

in the same ROI. The subscript M will be used for Maestro
software calculations from this point onwards for clarity. The
background (Bwm) was accepted as the flat area of a trapezium,

given by By, = (Zi2C, + X, C) X (h_é“) under the ROI.
The nominator of (h — [ + 1) represents the total ROl width. The
adjusted background area, however, was defined by B, 4=
(h-1+1-6)
By x (h—1+1)
equal to G, = Y, C;, the adjusted gross area was formulated by
GMaaj = "3 . C;. Thus, the net area inside the width of “h-1-6”
bins was calculated by A, = GMadj - BMad].. The uncertainty in

the net area was also calculated by the square root of the addition
of the squares of the uncertainty in the weighted error of the
adjusted background area and the adjusted gross area. Briefly, it

was represented by o, = \/GMadj + [BMaa,- x ((h—l?_e))].

as shown in Fig. 1a. Whilst the gross area was

In early days of y-ray spectroscopy, Covell Method was also
used in Nal scintillation spectra, but in a different way. When
using Nal detectors with low resolution, overlapping peaks might
be more frequent in comparison to high resolution high purity
Germanium detectors (HPGe). This issue brought the limitation
criteria on y-ray analysis in scintillation detectors. Because of
peak interferences, it was needed to restrict the whole range of a
Gaussian peak of a y-ray. However, the same width (portion) of
the peaks would be used throughout the analysis for consistency
to retrieve the entire data due to compensation done before. By
knowing the ratio of the integrated areas from standard deviations,
the analysis would be made more efficient (Squires, 2001). In the
peak area integration procedure on the other hand, the Covell
method was based on locating the peak centroid first and then
limiting the peak range equally on both sides of the peak’s
centroid channel (Heydorn & Lada, 1972). This was simply
shown in Fig. 1b. It’s stated by the Kaj and Witold that this
method gave accurate results when the peak was single and
isolated with a background represented by a straight line. They
also said that the precision of the peak area integration relies on
the channel range under the peak. However, we will use Covell
method for overlapping peaks with a restricted ROI. In addition,
Covell method assumes no correlation among channels in the
spectrum, and this affects the calculation of the variance. In Fig.
1b, initial version of the Covell method was shown. The
background level estimation in the Fig. 1b was done by using only
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one blacked bin on both side of the lower (L) and upper (U) limits
of the peak in
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Figure 1: Figure 1a indicates the area separation in Maestro software. Figure 1b shows the different areas with dotted and stripped
patterns for undeveloped versions of Covell and TPA methods. However, Fig. 1c represents the improved version of Covell and TPA
methods.
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Figure 2: Figure indicates the portions of uncalibrated y-ray spectra for ©°Co and **'Cs point sources. Peak energies in these point
sources were listed on the top right of the legends in ROOT canvas. Total channels used here were 1024, and spectra had 1 bin
resolution per channel. Vertical lines were just to visualize the confidence limits for the user’s input to initialize the code.

this example. Therefore, background (B) beneath the POI could
be calculated by the equation of B = n x CLatCus1) \yhere €

represented the counts of their corresponding bins as indicated.
The letter n stands for the total number of channels under the POL.
Whilst gross (G) area of the peak equals to G =YY, C; , the
subscript of i stands for the ith channel. The net peak area (A) is
given by the followingg A=G-B= (L, C)—[nX

M]. Additionally, the variance of A, var(A), is equal to

2
vV, Ci+ [(’2‘7x (Coer + Cyyp)] due to the rule of

var(kx)=k?var(x).The uncertainty (c,) then becomes /var(4).
This method indicates that the background area can only be
estimated by the adjacent counts to the ROI. Meanwhile, the
sources of possible background counts in y-ray spectroscopy will
not be mentioned in this study. However, be aware that the
uncertainty of the background can affect the total uncertainty of
the peak area measurements.

On the contrary, TPA (Gilmore, 2008; Loska, 1987) method
was used for an isolated single peak in this study. The
representation can be seen in Fig. 1c. It was known that the
reduction in uncertainty after adding extra channels for
background calculation faded away after 3 or 4 channels. In
practice, more than 9 or 10 channels had no beneficial use in the
absence of neighbouring peaks (Gilmore, 2008). More channels
to estimate the background makes the calculations more precise,
so the mean count per channel under the peak becomes less
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uncertain. It was also mentioned by Baedecker that TPA method
was less sensitive to the effect of errors due to peak broadening at
the time of higher rates in counting the y-rays in comparison to
Covell method (Baedecker & Grossman, 1989). However, this
will not be proven here. Since the adjacent peaks are more
frequent in y-ray spectroscopy with the advent of high-resolution
detectors, flexible limits on choosing the ROl become the
inevitable rules of any analysis. For instance, background
estimation area can span different number of bins (channels) for
the lower (my) and upper part (my) (Gilmore, 2018; Quittner,

1969). Therefore, previous formula for B was revised as B=n X
(Zi:'}nL Ci"'zsl:unll{ 2]
mp+my
Since the net area (A) was calculated as A=G-B, the variance of
the A could also be calculated as

var(A)=var(G)+var(B)=(X%, C,) + [ (

- U+m
(Zi—}nL Ci + Zi=U+li

. Gross area, however, remained the same.

n2
(mL+mU)2) X
C;)]. Then, the true standard deviation (the

uncertainty) can be by o, =+ var(Ad) =
\/G + (B X — f ) by the rule of var(G)+var(B)=var(G+B) in
L

the case of no correlation between the terms [2].

summarized

my

In Fig.2, ROOT fits were applied on the same experimental
data of ®°Co and *¥7Cs point sources. The peak energies of 661.7
keV, 1173 keV and 1333 keV were shown at their corresponding
channel numbers. Whilst red lines mark the gross count (G)
region, blue lines show the net signal area after background (B)

287



Avrupa Bilim ve Teknoloji Dergisi

Table 1:

In this study, the Maestro software’s outputs in the first column were regarded as the reference, but the calculations of

Maestro, TPA and Covell methods as stated in the text were also performed by the ROOT coding on the data. They were marked by
_ R suffix. Lastly, the ROOT fit results were listed for a comparison.

B7Cs 661 keV 0C0 1173 keV 0Co 1332 keV

o ) )

S S S

2 T, g 2 T, o 2 2 o x g
o fe « = g o x T fg o 5 &
‘T =2 7 I '5 = 2 17 T '5 =2 @ T 6
© N @ < - b > y— b >
8 3} %’ S [ou o 7] %’ ] <) (@] 7] %’ (] S} o

x 3 = ~ 14 @3 = O o x 3 = O 04
Centroid_Bin 247 248 248 429 429 429 484 483 483
Centroid_Fit 246.7 428.05 484.7
Peak_Limits 230-266 230-266 230-266 408-450 408-450 408-450 461-509 461-509 461-509
n 37 37 37 43 43 43 48 48 48
me 3 3 4 - 3 3 3 - 3 3 3
mu 3 3 4 - 3 3 3 - 3 3 3
G 206138 206138 208067 28722 28722 29718.3 24788 24788 25128.4
g - - - 227422 3266 295.8
Gadj 205598 201546 28663 27576.6 24757 241241
B - 29563 62557.3 8406.5 9666.4 5618.7 5736.6
OBy 250.3 98.37 75.78
Badgj 24793.8 10804 7240.7 6256.5 4935.6 3221.75
An 173494 176752 195334 145510 20242 20335.8 22465.5 20051 19212 19188 21566.2 19391.8
Op, 582 574.61 505.7 520.2 268 268.94 309.59 198.5 242 244.1 253.71 175.7
FWHM_Fit 15.92 17 17 17.003 21.23 24.51 24.51 22.8 25.93 25.9

subtraction. The background increases as the y-ray energies
increase, and this became apparent between Figure 2a and 2b for
187Cs and ®°Co peaks. The representation of background as
trapezoid, for example, was framed by A,B,C, and D letters in Fig.
2b. In ROOT, outcomes were based on the fit results on the data.
Therefore, total function for fitting was firstly defined as the sum
of Gaussian and 1% order polynomial functions for the consistency
with previous calculations. This sum function was, then, fitted on
a data to retrieve its parameters. Additionally, the user-controlled
confidence limits, coverage ratio and coverage factor were
introduced in the code for peak area integration. To get the net
count (A), gross count number (G) deduced from the background
counts (B) under the same ROI by using pre-defined integral
function in ROOT. This strategy was different than the Covell and
TPA methods. The graphical interface in Fig. 2 also helps the user
to decide about ROI, POI, and background limits in the
initialization stage for fittings. User-set coverage ratio was used
to retrieve the whole counts corresponding to the total counts
beneath the POI (Ellison at al., 2009). It’s because the covered
ROI might not cover 100% of the peak all the time. By the
individual errors in gross and background counts, the uncertainty
of A was calculated by var(A)=var(G)+var(B) and o, =

Jvar(A) for the case of A=G-B.

3. Results and Comments

As a result, the methods of Covell and TPA were similar
regarding the formulation. However, their applications were
different as explained. As the TPA method could retrieve roughly
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99.9% area statistically with 30 confidence limit by coverage
factor of 3, it was hard for the Covell method to extend the limits
that much in the case of interfering y-ray peaks. Note that the
confidence limit was defined by the coverage factor multiply the
standard deviation(c). Therefore, the Covell method required
additional coverage ratio to insert into its calculations. According
to Table 1, net area results gave approximately 2% and 13%
higher values in Maestro R and TPA R but 16% lower for the
ROOT fits in comparison to Maestro software in the case of *’Cs
example. For ®Co peak at 1173 keV, net counts were
approximately 0.4% and 11% higher values in Maestro R and
Covell R but 0.9% lower for the ROOT fits in comparison to
Maestro software. Lastly, net area for ®°Co peak at 1332 keV
appeared approximately 0.1% and 12% higher values in
Maestro R and Covell R, and also 0.9% higher for the ROOT
fits beside Maestro software. The proximity to the reference
values is high in Maestro R and ROOT fts. However, TPA or
Covell methods presented around 11% closeness to Maestro
software’s results. This only means more adaptations in
calculations and better fit functions, such as 2nd order
polynomials for the background, in ROOT analysis could be
implemented in the analysis. Also, different integration methods
could be added in ROOT coding for comparisons.
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