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 Gamma ray spectra have interesting information about energy and intensity 
of gamma photons. Normally, this information is available in the peak area and 
background region. A full energy peak sits on a background continuum and 
produced by full energy absorption of high energy photons, while background 
region is produced by Compton scattering of the photons. The most essential 
concern of errors is in the method of determining the events in both peak and 
background areas. The uncertainty is low when the background counts are small 
relative to the peak counts. However, it becomes high when the counts of the peak 
area are low with respect to that of background. The detection threshold for the peak 
is ultimately determined by the uncertainty in the background counts. This depends 
on the technique used and the form of the produced spectra. This paper reviews 
different methods of determining peak area and their associated uncertainties in 
terms of the principle and application of the techniques used.  
. 
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1- Introduction  

In gamma ray spectroscopy, the measurements 
depend on the counting of interactions of gamma rays 
with a detector where the gamma photons deliver part 
or all their energy into the sensitive part of the detector 
[1]. The output of these interactions is a spectrum 
which has important information concerning energy 
and intensity of radioisotope gamma photons [2]. 

 Normally, the spectrum is composed of 
separated peaks, which are produced by full energy 
events, sit on top of a varying background continuum 
produced by Compton scattering. However, the most 
fundamental concern is the accuracy of determining 
peak areas and their associated error by subtraction the 
background continuum. When the peak to the 
background counting ratio is a high, the uncertainty is 
a small, while the error becomes great when the ratio 
is very small (less than 1). High peak counting with a 
low background counting is a good indication of 
propitiate peak area. 
 
 

  *Corresponding author at :Department of Physics, college of 
Science, University of Baghdad, Baghdad, Iraq; ORCID: 
https://orcid.org/0000-0000-00000-;Tel: 
E-mail address: shawkat.jubair@sc.uobaghdad.edu.iq 

 

A Gaussian function is typical model used to 
represent the actual probability of distribution of the 
events in the peak area [3]. A full energy peak 
normally sits on several channels symmetrically in 
Gaussian shape where the position of the peak is in the 
centre. The peak position can be obtained by fitting a 
Gaussian approximation over the top two thirds or 
upper half of the peak area. 

A Gaussian function can be used to define the 
full energy peak as follows 
    y(x) = yo exp[-(x-xo)2/2σ2] …………………..(1) 

where y(x) is the number of events in channel x, 
yo is the peak amplitude, xo is the peak centroid and σ2 

is the variance. The variance is a function of the full 
width at half maximum (FWHM) that can be written 
as 
     FWHM = 2√2	ln	2	σ	 = 2.354822 ln 2 σ …... (2) 

The upper description represents a special case 
of a normal distribution of events in peak area with no 
background. 

For ideal case, full energy peaks are not 
precisely in a Gaussian shape, but in fact, they are 
sitting on a relatively high background continuum with 
a deviation in the low energy end (also named tailing) 
of the peak. Calculation of net counting of the peak 
area requires subtraction of the background. The 
accuracy of measuring the counts is seriously degraded 
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when a fluctuation in the background counts occurs 
that establishes the limit of detection. 

To improve the limit of detection of gamma ray 
spectroscopy, appropriate method for evaluating 
energy window should be considered. This article 
discusses a wide range of applicable approaches of 
determining peak area events and the effect of the 
uncertainty of counting statistics produced by 
Compton continuum. 
 
2-Methods of evaluating peak area  

The peak area is the measurement of the size of 
the region of interest, as shown by the peak in the 
spectrum. It depicts the variation in allowable pulse 
heights (energy) between the top and lower value. The 
area which is expressed in keV or MeV, can be 
configured automatically by the detecting system 
software which is time and effort saver and enables to 
investigate multiple peaks of the same spectrum or 
manually by the operator which takes longer time and 
more efforts [4]. Normally, it sets over peaks of 
specific one or more radionuclides to evaluate the total 
number of counting in the area. The area can also be 
specified for Compton or the region that combines 
Compton and peak region. 

A precise peak area is needed for obtaining 
accurate statistics with raising the system's limit of 
detection. Ideal areas should wide enough to avoid the 
statistical inaccuracy which comes from low counts or 
Compton region and peak overlap [5]. 
 
3-1-Full Width at Half Maximum 

The full width at half maximum (FWHM) of a 
peak, denoted by Γ, is a width of a peak with a 
counting is at half maximum value and measured in 
keV or channel [6]. It is a simple method used to 
determining total counts in the peak area [7, 8]. The 
procedure is achieved by identifying the central 
channel (centroid) of the peak that contains the highest 
count number. One or more channels on both sides of 
the peak that contain approximately half the number of 
the central channel counts is identified (Figure 1). The 
peak area counts are calculated by taking a vertical 
line from either side of the peak and intersecting it on 
the scale of energy [4]. This method gives a relatively 
low counting statistics, in which it integrates about 
76% of the counts in the peak area [9]. 

Twice full width at half-maximum, 2(FWHM), 
is another method with procedure similar to that of 

FWHM. It is achieved by taking a twice the FWHM 
window. The peak area is set symmetrically relative to 
the centroid. The method is relatively more précised 
than FWHM method in which it integrates about 98% 
of the events in the peak [9]. 

There is also a Full Width at Tenth Maximum 
(FWTM), alternative approach for calculating peak 
area counts [10, 11]. Procedures of determining 
FWTM are similar to those of FWHM, while a tenth of 
the peak events are used to determine the peak area 
(Figure 1). Due to increased low-energy tailing in a 
peak brought on by charge trapping, the FWTM is 
considered as a stronger indicator of radiation 
dosimetry to the detector than the FWHM [12]. In this 
method, 95% of the peak events are integrated, but 
there is an intersection of the peak with Compton 
continuum in the low energy tail [9]. 

 
Figure 1: Calculation of FWHM and FWTM 

3-2- Figure of Merit  
Figure of Merit (FOM) or so called maximising 

events is a way used for determining peak area [13]. 
This method depends on maximizing the events in the 
peak area relative to that of background by 
successively adding symmetrical channel(s) on either 
halves of the peak reaching the widest possible area 
[14]. By drawing a histogram of the ratio between the 
highest and minimum amplitudes of the digitalized 
pulses, the FOM may also be determined [15, 16]. 
FOM can be obtained using the following equation 
[17]. 

           FOM = !
!

"
   ……………………………..  (3) 

where S2 is the square of the peak events and B is the 
background counts.  
This method is similar to that of FWHM in which part 
may consider with integrating nearly 76% of the 
counted events [9]. 
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3-3- Asymptote  

Asymptote is a graphical method depends on 
maximising the counts in the peak area asymptotically 
[18]. The process involves taking a small region 
located in the centre of the centroid, then increasing 
the events with respect to the peak width [9]. The 
number of the peak events (Y) may propose to be at its 
maximum value by using the following:  

        Y= a * (1-exp-bx)…………………..(4) 
where x is the peak width, a is the asymptote 

value and b is a proposed integer. The peak events 
approach the maximum as the peak width approaches 
infinity. 

The parameters and constants of the asymptote 
equation can be obtained using some functions such as 
Microsoft Excel with solver, MATLAB with 
Lsqcurvefit, and HYDRUS-1D with Marquardt–
Levenberg optimization algorithm [19].  This method 
can cover about 90% of the detected peak events [9]. 
 
3-4- Simple Gaussian Fits  

A simple Gaussian fit method is used to provide 
consistent peak areas for spectra obtained by 
scintillation detectors. This fitting can be applied for 
overlapped or unresolved peaks precisely, so that a 
Gaussian fit can be set to a wide FWHM of the peak to 
determine the energy area [3]. The area is easily 
calculated when the centroid location and FWHM are 
primarily calculated from a Gaussian fit or when there 
is a peak with a considerable low energy end formed 
by Compton scattering. The peak area can also be 
found using any of the original data points and 
equation (1) after transforming Gaussian function into 
a line that is fitting least-squares to find the centroid 
and the variance. 

The mean values of the peak are calculated from 
several points near the centroid that give a reasonable 
value for the equation of the area. 

An algorithmic background and component 
peaks are used to construct a peak fitting model. 
Lineshapes, which are mathematical functions, are 
used to specify the component peaks, and fitting 
parameters are used to allow a component peak to vary 
in a number of different ways, such as position, 
FWHM, area, Lorentzian character, degree of 
asymmetry, and Gaussian character. To create an 
approximate representation of the original data 

envelope, sets of component peaks are combined 
together to obtain the sum of all component peaks [8]. 
New statistical approaches of Gaussian fitting have 
been presented for complex spectra [20, 21]. 
 
3-5- Region of Interest Sums 

The region of interest (ROI) is an important 
method used to determine peak areas of well-resolved 
peaks by simply summing peak counts (above 
background region) to find the peak area. This method 
tries to avoid difficulties associated with defects in 
spectral fitting algorithms' peak shape models, so that 
the summing not taking into account small variations 
in peak shape and gives accuracy and direct estimation 
in peak area. 
The peak area (A) can be written as: 
          A=PC– BC………………………………..  (5)         
where PC is counts of the peak and BC is the 
background counts.  
         S2(A) = S2(P) + S2(B) = P + S2(B)  

The estimated variance S2(A) of the total area 
varies with the method used for estimation the 
background counts. Values of B and S2(A) were 
calculated according to various parameters of the 
background continuum's position and width to the 
peak area ratio [3].  

The procedure adopts three ROIs in which two 
are used to define the low and high energy sides of a 
peak whereas the third one defines the peak area. The 
continuum level at the ROI's center is calculated using 
the mean count of each channel. For a Gaussian 
function, three times the FWHM of the function 
(99.96%) of the peak area falls within a region centred 
at peak centroid.  So, Therefore, about 99.9% of the 
peak area should be obtained by a peak ROI three 
times the FWHM and continuum ROIS spaced 
symmetrically 3.5-4 times the FWHM apart. 
Moreover, the approximated area can be more precise 
when it is quite wide, while the accuracy decreased 
with increasing energy intervals. Therefore, a 
spectrum with a remarkable low or high energy side 
requires a broader peak, i.e more than three times the 
FWHM. The area should be fitted to a high rate 
spectrum (low resolution), because peak resolution 
becomes worse at high rates. Almost, equal widths of 
the ROIs give good results, so the ROIs for low energy 
and reference pulser peaks can usually be broader than 
three times the FWHM [3]. 
 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     
2022,(16), ( 2 ):69– 78                                              
 

72 

3-6- Compton Continuum Subtraction 
The background or Compton continuum 

subtraction is considered one of the most widely used 
approaches for evaluating peak areas. Under a full 
peak, the shape of the Compton continuum is not 
usually fixed. This shape is a result of the nature of 
gamma ray interactions with the target at a given 
energy [3]. 
 
3-6-1- Straight Line 

A straight line, trapezoidal or Covell's method is 
a simple and fast method in which it supposes a 
straight line of background continuum under 
photopeaks [22]. It uses peak regions and associated 
errors to identify peaks that are present but caused by 
low background levels [23]. The method is widely 
used to determine resolved or overlapped peaks by 
approximate subtraction of the Compton region with a 
straight line from high to low energy tailings (figure 
2). The ROI is not necessarily to be symmetrical with 
respect to the peak area or with similar widths. The 
subtracted background which is in trapezoidal shape 
can be written as: 
    B = [Y(FP) + W(LP)] (Np/2)…………..….. (6)  
  where Y(FP) = mFP + b 
            Y(LP) = mLP + b, here m = (Yh –Yl)/(Xh –Xl)  
                       and b = (Xh Yl – Xl Yh)/(Xh –Xl) 
The variance of the background (B) is written as: 
  S2(B) = (#$

%
)2[K2 &"

'"
! + (2 − 𝐾)% 	

&#
'#
!] ……......(7) 

  where K= ($)*$+%,#
(,"+,#)

 

The above equation can be applied only when 
there are statistical uncertainties in background regions 
of interest (Bh and Bl) which are set unsymmetrically 
relative to the peak region. It is also used with best 
results for complicated spectra such as plutonium. 

When the background ROIs are symmetrical or 
the peak is much greater than the background 
continuum, a small uncertainty will occur and it can be 
determined by:                   S2(Bl) = Bl and S2(Bh) = Bh.  

However, when peak regions are equal to 
background or less, a significant uncertainty is the 
most probable. The background and the variance are 
simplified i.e (FP – Xl) = (Xh – LP) and K = 1, and can 
be written as:  
       B= (/#)/"

%
) Np = (&"

'"
 + &#

'#
 ) '$

%
  ………………  (8) 

and  
     S2(B) = ('$

%
)% (&"

'"
! + &#

'#
!)  ……….…………….  (9) 

  
Figure 2: Region of interest by background straight 

line subtraction. 
 

3-6-2- Smoothed Step 
The smoothed step function or Savitzky-Golay’s 

method is a method utilises the average of data to 
smooth them and minimise small scale oscillations 
[24]. It also functions with least square fittings process 
[23]. It takes part of Compton continuum, under a 
peak, produced by photons scattered with a small 
angle or full energy absorption of photons with 
incomplete charge collection [15]. 

According to the underlined spectral form, the 
genuine method is to produce a step function 
continuum under single or multiple peaks. Particularly 
for overlapping peak multiples, the method yields 
better results than the straight-line background 
approximation [25]. A logarithmic regression of a step 
function continuum is shown in figure 3. According to 
the notations in figure 2, the continuum at channel n is 
calculated by: 
Bn =Y1– D[∑ (𝑦𝑖 − 𝑦ℎ)/012

0134)5  ∑ (𝑦𝑖 − 𝑦ℎ)01,6
0134)5 ] (10) 

where yi is the gross events in channel I, D=Yl-Yh, 
B(Xl) = Yl and B(Xh) = Yh. 

As the Compton counts of higher energy 
photons will not affect the figure of the smoothed step 
of lower energy photons, the background (Yh) is 
subtracted from each channel. The above formula can 
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be applied for a background with a slight negative or 
no slope.  

 
Figure 3: Region of interest by background 

smoothed line subtraction. 
 

4-6-3- Two Standard Procedures 
 Two-standard procedure is a good application 

for background corrections when enriched U-235 is 
measured with the 185.7 keV energy photons and a 
single SCA window. It is also suitable to measure 
environmental contaminations at low concentrations of 
radioactive materials in water or other liquids [26]. In 
this method, the continuum is fixed, and the constant 
K of formula (13) is calculated precisely.  
The equation of enriched energy can be written as: 
        E = C(P – KB) …………,,,…….……. (16)  

here C is a constant takes per cent units 
(235U/count). 

Assumptions were reported for two samples 
with two distinct and known enrichments presented at 
equal times [3]. 
  
3-6-3- Single Region of Interest  

Single ROI for background region estimation is 
often necessary for spectra obtained by scintillation 
detectors or single-channel analysers (SCAs) to 
measure a radioactivity from 235U enrichment or 239Pu 
holdup [3].  

Background continuum is estimated a flat when 
the peak/background ratio is high, and the 
participation of the background to the peak can be 
written as:  

        B= #$
#7

 Bh  …………………………………. (11) 

      s(B) = #$
#7

 s(Bh)  …………..……………..…  (12) 
The method is almost employed for poor 

resolution counters, and also for germanium detectors 
considering no significant continuum on the low 
energy tailing of the peak. When the background 
continuum has a constant slope over the energy range, 
formula (11) can be written as: 
    B = KBh …………………………………..  (13) 

where K is a constant operator related to the 
sample and changed from sample to another. Various 
techniques are now in use. The ROIs can be manually 
drawn on the co-registered magnetic resonance images 
(MRI) [27-29], placed in geometrical shapes [30-32], 
used as templates [31, 32], or delimited using the 
threshold of maximal count within the striatal area 
[33-35]. 
 
3-7- Library least-squares (LLSs) 

Library least-squares (LLSs) are spectral 
analysis techniques used for estimating the counting of 
sample components and correcting them from 
background scatter contributions [36-38]. In this 
approach, it is possible to divide gamma ray spectra 
into two or more components and account for it as a 
linear combination of these components that is 
reference standards or reference spectra. This 
assumption is based on that a measured spectrum is a 
linear superposition of sample constituent 
contributions [39].    

The LLS technique can be written as follows    
        Rs,i = ∑ α𝑗	R𝑗, 𝑖	 + 	e𝑖	2

815 ……………. (14)           
where Rs,i is the counting rate in a given 

channel in the entire spectrum, Rj,i is the counting rate 
in a given channel of a given component, αj is the 
factors of a given element and ei is the uncertainty in a 
given channel due to statistical fluctuations [40]. 

The calculations of LLS are achieved by 
summing the squares of the deviations, that is lowering 
chi squares (hypothesis test to show statistical 
differences) and this is performed by reducing the 
minimized chi squares relative to the reference 
standards:   
        χ9%= ∑ 𝑒0%/(𝑚 − 𝑛)𝜎0%2

815   ……………… (15) 
here (m−n) is the value of degrees of freedom, ei 

is the fluctuation in the a given channel and σi is the 
errors in that channel. The minimisation can be 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     
2022,(16), ( 2 ):69– 78                                              
 

74 

lowered by equating the derivatives with regard to the 
stored standards and making them close to zero.  

Consideration has recently been given to the use 
of the LLS technique for scatter correction in gamma-
ray tomography systems [40] as a result of its 
comparatively successful application for multiphase 
hydrocarbon flow measurement [41] and for 
characterization of sub-sea fluid samples [42] using 
prompt gamma-ray neutron activation analysis. 
 
3-8- Complex Fitting Codes  

They are computer software that contain codes 
employed to analyse single or multiple peaks of a 
spectrum or for multi-sample in one time with many 
variations to determine the ROI from complex and 
overlapped peaks [43]. The codes explain the peaks in 
a Gaussian figure that have either one or both the low 
energy tails and may high energy tails. The long 
energy tail is almost not considered in the ROI as it is 
produced from Compton scattering with a small angle 
and it is not included in high resolution spectra. Even 
with equivalent results, the energy tails are varied from 
code to code. The fitting code procedures include peak 
models and subtraction of background region which is 
also varied [44]. Examples for these systems' software 
are and FitzPeaks™ by JF Computing [45], Genie™ 
2000 by Mirion (Canberra) Technologies [46] and 
GammaVision™ by Ortec™ [47] and others. They 
often work well on good quality spectra obtained by 
high resolution detectors. 

Several intercomparison on these software were 
made by IAEA [48], but other comparisons of updated 
software to manual procedures showed that most 
automatic software offered trustworthy and good 
outcomes [43]. 
 

2- Conclusion  
An accurate counting statistics with low 

uncertainties has raised the need to find an appropriate 
method for determining peak area counts and hence to 
raise the counting system's detection limit. This article 
presented a review of various methods being used 
depending on the technique used and the resulted 
spectra (table 1). A method of high peak total counts 
with low background counts that avoids errors of 
Compton region overlap with peak is considered 
acceptable peak area that provides good counting 
statistics with low uncertainties [5]. 

 

Table 1: Principle and application of various 
techniques used for energy area determinations 
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 اماك ةعشا فایطلا ةورذلا ةقطنم باسحل ةیقیبطتلا قرطلا

 نامیلس ىیحی ایركز ،ریبج لیعامسا تكوش ،يوسوملا نسحم ھتفل رئاث

 قارعلا ،دادغب ،دادغب ةعماج ،مولعلا ةیلك ،ءایزیفلا مسق
shawkat.jubair@sc.uobaghdad.edu.iq 

 ةصلا#لا

 ةقMNم یف ةحا#م تام$لع;لا هJه ن$کت ، ةداع .اماج ةعشا تان$ت$ف ةفاA5و ةقا) ل$ح ما;#هلال ة6(5م تام$لعم ىلع اماج ةعشأ فا()أ %$#"ت

 ةلماکلا ةقاNلا صاX#ما ^6Y) [ع اهجا#نإ Y#Zو ةلX#;لا ة(فلRلا تاعاعشا ةلWلس ىلع ةلماکلا ةقاNلا ةورذ عقت .ة(فلRلا تاعاعشلاا ةقMNمو ةورJلا

 یف لا5;#م ن$jk أRNلل d6کلاا ءefلا نا .اماA ةعشا تان$ت$فل ن$#dم$b#c Aت ^6Y) [ع ة(فلRلا تاعاعشا ةقMNم ج#Mت ا;M(ب ، ةقاNلا ة(لاع تان$ت$فل

(6Yت ةق"lیl مMلا ^)اJیف ةور Aم [م لMا(^ لا تاعاعشاJمو ةورMا(^ لا تاعاعشلااRفل)ن نا .ةWdلا ةRoم ن$کت أMRفpع ةMlن$کت ام A;)ة 

 عمو .ةرJلا ةعشا باWح ة(ل;ع l(قj ة(فلRلا تاعاعشلاا باWح یف ةقlلا مlع ناف ,ا6Yه$ج .ةورJلا تاعاعشا ة(;کل ةMWdلاs ة6(غص ة(فلRلا تاعاعشلاا

 ةمW#Rl;لا ة(Mق#لا ىلع l;#عj اJه نا .ة(فلRلا تاعاعشلاا ة(;kعم ةنراقم ةpفMRم ةورJلا تاعاشا ة(;A ن$کت امMlع ة(لاع أRNلا ةWdن ن$کت ، کلذ

 |داdم ىلا اقd) قN6لا هJه ماRl#سا [م ةeتاMلا اRNلا ةWdنو ةورJلا ةقMNم lیl"#ل ةفل#Rم اق6ً) ض6ع#d"x jWلا اJه نا .ةM#e;لا فا()لأا لkشو

 .ةمW#Rl;لا تا(Mق#لا تاق(Ndتو


