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Calculate the X-ray intensity ratio (Kβ1/Kα1) of noble gas
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Abstract: 
The ATOMOPM program was used to determine the effective central potential of 

electrons in an atom using the variation principle. Following that, the reduced diagonal 
Schrödinger equation method was utilized to calculate the potential integral and determine 
the atomic potential of a single particle. The voltage rate is taken between repetitions till 
self-consistency to calculate potential, wave state, orbital eigenvalues, and total energy. 
The DIRACATOMOPM program was employed to numerically solve the Dirac equation 
and turn it into a Schrödinger equation on the assumption that the interaction between 
electrons is mediated by a Coulomb potential. Non-relativistic calculations were used to 
approximate the a priori guess and begin the iteration process of solving the integral equa-
tion related to the relative potential calculations with the numerical solution of the Dirac 
equation until reaching the self-consistent factor (SCF) to determine the effective mutual 
potential, wave state, and total energy. The goal was to determine ratio of the X-ray intensi-
ty of the two lines (Kβ1, Kα1) for the noble gases and determine the relationship between the 
wavelength of these lines and the atomic number as well as the relationship between the 
X-ray intensity and frequency. The frequency was calculated using the Moseley equation, 
and the wavelength and frequency of the X-ray intensity were determined. The results are 
in good agreement with the theoretical and available experimental results.
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حساب نسبة شدة الاشعة السينية (Kβ1/Kα1) للغازات الخاملة
لبنــى حقــي إســماعيل, جامعــة الموصــل, كليــة التربية للعلوم الصرفة ,قســم الفيزياء

مستخلص:
ــدأ  ــتخدام مب ــذرة باس ــات في ال ــال للإلكترون ــزي الفع ــد المرك ــد الجه ــج (ATOMOPM) لتحدي ــتخدام برنام اس
ــد  ــة المخفضــة لحســاب التكامــل المحتمــل وتحدي ــة شــودنكر القطري ــم اســتخدام طريقــة معادل التبايــن. بعــد ذلــك، ت
الجهــد الــذري لجســيم المنفــرد. يتــم أخــذ معــدل الجهــد بــن التكــرارات حتــى الاتســاق الــذاتي لحســاب الجهــد ودالــة 
ــراك  ــة دي ــل معادل ــج (DIRACATOMOPM) لح ــتخدام برنام ــك اس ــة. كذل ــة الكلي ــة والطاق ــم الذاتي ــة والقي الموج
ــوم.  ــد كول ــاطة جه ــم بوس ــات يت ــن الإلكترون ــل ب ــتراض أن التفاع ــى اف ــودنكر ع ــة ش ــا إلى معادل ــا وتحويله عدديً
كذلــك تــم اســتخدام الحســابات الغــر النســبية لتقريــب التخمــن المســبق وبــدء عمليــة التكــرار لحــل معادلــة التكامــل 
 (SCF) المتعلقــة بحســابات الجهــد النســبي مــع الحــل العــددي لمعادلــة ديــراك حتــى الوصــول إلى عامــل الاتســاق الــذاتي
لتحديــد الجهــد المتبــادل الفعــال وحالــة الموجــة والطاقــة الكليــة. وكان الهــدف هــو حســاب نســبة شــدة الأشــعة الســينية 
للخطــن (Kα1 ،Kβ1) للغــازات الخاملــة وتحديــد العلاقــة بــن الطــول الموجــي لهــذه الخطــوط والعــدد الــذري وكذلــك 
ــم حســاب الطــول  ــة مــوزلي، وت ــتردد باســتخدام معادل ــم حســاب ال ــتردد. ت ــن شــدة الأشــعة الســينية وال ــة ب العلاق

الموجــي وتــردد شــدة الأشــعة الســينية. نتائــج البحــث تتفــق بشــكل جيــد مــع النتائــج النظريــة والتجريبيــة المتوفــرة.
أطياف الاشعة السينية، Kβ1/Kα1 الكلمات المفتاحية: نسبة الغازات الخاملة.



250Calculate the X-ray intensity ratio (Kβ1/Kα1) 
of noble gas ................................................................................................... Lubna H. Ismael

Introduction
In the X-ray analysis approaches, 

a beam with a specific energy hits the 
sample, producing main ionizations in 
several inner-shells of the atoms. In 
fact, de-excitation of the atom from 
the ionized state releases the charac-
teristic x-ray line which is the finger-
print for investigation. The quantity 
of Kβ/Kα intensity ratios represents a 
key factor for comparison with numer-
ical calculations focuses on the atomic 
models to exam the reliability of these 
models. The Kα x-ray arises from the 
L to the K shell transitions. Similarly, 
the Kβ X ray arises from the M-, N-, 
O-, etc., to the K-shell transitions [1]. 
Furthermore, significant theoretical 
estimations depended on the relativis-
tic Hartree –Fock and Hartree–Slater 
models calculated by Scofield [2,3].
Who reported a study on the probabil-
ity of the radioactive transition Kβ, Kα 
of 26-elements of low atomic numbers 
Na11 to Rh45 in crystalline and non-crys-
talline systems. they compared the 
results with the previous results based 
on the efforts of Relativistic Hartree–
Fock (RHFS) and relativistic Cou-
lomb shielding potentials by Salem..

et al [4]. K shell x-ray fluorescence 
cross-sections were measured for some 
elements by Durak and Özdemir et al 
[6 ,7]. The results of the present work 
will be compared with previous empir-
ical results achieved by different ap-
proaches, theoretical calculations, and 
semi-empirical calculations described 
in the previous studies. To the best of 
our knowledge, the K-shell fluores-
cence yields using a fluorescence ex-
citation method were measured for the 
first time for Cs, Eu, and Hg by Durak 
..et al [8]. Kβ/Kα and K X-ray fluores-
cence cross sections and Kβ/Kα inten-
sity ratios of 17 metals from Cr to Bi 
were studied. The targets were irradi-
ated with 59.5 and 123.6 keV photons 
from 241Am and 57Co sources. The re-
sults were associated with experimen-
tal and theoretical calculations report-
ed by Cevik..et al [10]. Moreover, the 
x-ray cross-sections and the intensity 
ratios for Cr, Mn, Fe, and Co exposed 
by 8.735 keV photon source by means 
of secondary-excitation technique was 
studied by Yılmaz [11].The study of 
Ka and Kb x-ray cross-sections and the 
Kb=Ka x-ray intensity ratios for sever-
al targets in the range of28)  ≤ Z≤ 39) 
irradiated by 16.896 keV photons using 
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secondary-excitation technique was re-
ported by Yılmaz [ 12]. In this study, 
the (DIRAC ATOMOPM) software 
was used to solve the Dirac equation 
numerically for the Coulomb potential 
in order to study the role of the energy 
of the single particle as well as its effect 
on the relativistic wave function. In this 
regard, the intensity of the x-rays of the 
Kβ1, Kα1 lines of noble gases was calcu-
lated. The numerical outcomes in this 
study compared with both the experi-
ments and calculations results in liter-
atures. It is found that there is a good 

agreement between both experimental 
and numerical results in literatures.

Background and theory
An empty state in the K shell of the 

atom could be occupied by an electron 
from higher shells through radioactive 
transition, and x-ray photon may be 
emitted. The Kβ1 and Kα1 lines results 
when K shell empty state is occupied 
by an electron from M3 and L3 sub-
shells, respectively. The intensity ratio 
of these lines can be given by the fol-
lowing equation15]  ].
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Where Ex= (x=β1, α1) is the energies 
of the emitted K x-ray photos, nx and 
Zx (x= L, M) are the principal quantum 
number and the effective change, of 
the L and M shells, respectively. Thus, 
precise knowledge of the electronic 
binding energies is required. This can 
be accomplished by solving Schro-

dinger equation and use the results as a 
starting approximation for Dirac equa-
tion. This method includes solving the 
Dirac equation and converting it into 
an equation similar to the Schrodinger 
equation. The small component and it 
is expressed interest of the large com-
ponent.
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and V(r) represents the total potential.
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f

Numerov’s Method is used to solve 
the differential equation (5) [13,14].

Results and discussion:
Six-noble gases from group VIII in 

periodic table were taken under con-
sideration in this study. which were 
suggested as inert gasses until 1960s.
This was owing to the value of their ox-

idation number is 0, which avoids the 
noble gasses to procedure compounds 
swiftly. All noble gases exhibited a 
maximum number of electrons possi-
ble in their outer shell (2 for Helium, 
and 8 for the others), making them sta-
ble elements. These neutral noble gas 
atoms are listed in table 1.
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If g(r) is switched by ( )()()( 2/1 rgrhry = false), the radial equation can be  
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Table.1 Noble gas atoms with their atomic numbers

Noble gas 
atoms

Helium Neon Argon Krypton Xenon Radon

Z 2 10 18 36 54 86

In this research, we used the (ATO-
MOPM) software as a Schrödinger and 
Dirac program. In addition, the DA-
RAC ATOMON software, to calculate 
the Dirac equation numerically for the 
Coulomb potential - the assumption of 
calculating the ratio of the x-ray emis-

sion (IKβ1 /Ikα1) for the elements of the 
carrier gases (Z=10, 18, 36, 54, and 86) 
where the wave state cannot be used. 
Except for the northern wave The Qa-
tari non-ratio hydrogen revolution in 
the form of (σ ⁓ (α z/ n)3/2) for the per-
mitted electron transitions at ( ℓ= 0) can 
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be stated in the quantum statement (ϕ) 
by (Z-σ) where in the constant south 
and the Islamic sticks and assuming 
that the intensity of the dipole transi-
tion is proportional .With the energy 
cube of the X-ray photon as shown in 
the equation. [15]
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σL =3.5, σM =8.5, nM =3 (M shell), 

nL=2(L shell)
The results were arranged in Table 

2and were compared with the calcu-
lations [16]. These results were also 
plotted in Figure 1. The energy of the 
X-ray photon for each of the two lines 
Kα1 and Kβ1 for the atomic number(Z). 
It was shown that x-ray photon energy 
for (Kβ1) line increases more than the 
of (Kα1) line when the atomic number 
increases. 

Table.2 Calculated binding energies and observed binding energies 
from the compilation of Thompson   et. al [16]

Reported Results
Eβ1(Rydberg) [16]

Present Results
Eβ1 (Rydberg)

Reported Results
Eα1(Rydberg) [16]

Present Results
Eα1(Rydberg)

Atoms

62.36448460.0232Neon
234.46400352228.6767383217.2136268212.30181Argon
1036.624891052.21929925.73591916.41432Krypton
2466.568662452.954382164.859792155.72652Xenon
6936.978066928.810975958.399172155.72652Radon

Fig.1 Energy Position of Kα1 and Kβ1 X-ray lines as a function of atomic number(Z)
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As for Table. 3, it represents how 
the wavelength changes with the atom-
ic number of the two λα1 and λβ1 lines if 
compared with the T calculations. The 
relationship between the wavelength 

of the λβ1 lines and the atomic number 
was also drawn. We note that the wave-
length of the λβ1 line increases more 
than the wavelength of the λα1 line as 
the atomic number Figure 2.

Table.3 Calculate the wavelength of the two lines of X-rays λβ1and λα1 [16].

Reported Results
λβ1(A) [16]

Present Results
λβ1 (A)

Reported Results
λα1( A) [16]

Present Results
λα1(A)

Atoms

0.056830.05472Neon
0.2136890.208410.1979670.19375Argon
0.944770.934380.8437150.83521Krypton
2.248022.235611.9730451.96472Xenon
6.313226.3148915.6190605.434780Radon

Fig.2 Wavelength of λα1 and   λβ1 lines as a function of atomic number Z

As shown in Fig 3, we notice a rela-
tionship between the frequency square 
root of the of x-rays light against the 
atomic number. The square root of the 
frequency was found using Moseley’s 

equation according to the following re-
lationship.

(V)1/2 =A (Z – Z0)

 Where Z atomic number   A and Z0 
are constants 

Calculate the X-ray intensity ratio (Kβ1/Kα1) 
of noble gas ................................................................................................... Lubna H. Ismael



255
 مجـلـة الــدراســات الـتـربــويــة والـعـلمـيــة - كــلـيـــة الـتـربـيــة - الـجـامـعـة الـعـراقــيــة 
2025م الـعـدد الـخــامــس والــعـــشــرون - الـمـجـلــد الأول - عــلـــوم الـــفــيــــزيــــاء - آذار 

Fig. 4 and 5 they represent the re-
lationship between the wavelength and 
the intensity of X-rays Eα1 and Eβ1 lines, 

where it is clear that the wavelength of 
the λβ1line increases significantly more 
than the wavelength of the λα1 line.

It was found that the square root y frequency of the x-ray increases with in-
creasing the atomic number.

Fig.3 Frequency of (Vα1 )
1/2

 and (Vβ1)
1/2

 lines versus atomic number

Fig. 4 The relationship between the wavelength and energy of the X-ray
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Figure 6-7 shows the relationship be-
tween the frequency emitted by the X-rays 
of the Vα1

1/2 line and the wavelength, 

where it was shown that the wavelength 
is inversely proportional to the frequency 
and the intensity of the x-rays.

Fig.5 The relationship between the wavelength and energy of the X-ray

Fig. 6. Relationship between X-ray frequency and wavelength.

Calculate the X-ray intensity ratio (Kβ1/Kα1) 
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Figure 8 shows the relationship be-
tween the ratio of the intensity of the 
X-rays Ekα2/Ekα1 with the atomic num-
ber. It was compared with the exper-
imental results [16], where it was 
shown that the ratio Ekα2/Ekα1 decreases 

with increasing atomic number. This 
means that the intensity of the line in-
creases when the atomic number Ekα2 is 
increased while the intensity of the Ekα1 

line decreases with increasing atomic 
number.

Fig.7 Relationship between X-ray frequency and wavelength

Fig.8. The Ekα2/Ekα1 radiative transition rate ratio versus atomic number.
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X-ray intensity ratio (Ikβ1/Ikα1) was 
calculated as a function of the atomic 
number(Z). The results are arranged 
in Table 4, if they are compared with 
the calculations of [17,18], and also the 
experimental measurements findings 
of energy [16,18]. These results are 
also shown in Figure 9. indicates that 
the current calculations agree accept-
ably with the calculations of [16,18]. 

It is also clear from this table that the 
ratio (Ikβ1/Ikα1) decreases with increas-
ing atomic number. This means that the 
intensity of the (Kβ1) line rises when 
atomic number is increased while, the 
intensity of the (Kα1) line drops when 
atomic number is increased, i.e. the 
probability of filling the empty in the 
K shell from the M3 shell increases in-
stead of filling it from the L3 shell.

Table.4 Comparison between Present Results of the X-ray intensity 
ratio Ikβ1/Ikα1 and Reported Results. [16,17,18]

IKα1/ IKβ1

Reported 
Results [18]

Reported 
Results [17]

Reported 
Results [16]

Present 
ResultsZ

9.4289.549.5219.587Argon
3.954.03.9643.965Krypton
3.1063.2003.1003.109Xenon
2.5872.5252.5842.584Radon

Fig.9 The present calculated K X-ray intensity ratio compared 
with relativistic (Dirac - Fock) and experimental results [17].

Calculate the X-ray intensity ratio (Kβ1/Kα1) 
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Conclusions:
The results obtained in the present 

work are in good agreement with other 
theoretical results and also with exper-
imental data. This fast can be observed 
in tables (2,3,4). The Schrödinger equa-
tion was solved numerically for noble 
gases with atomic number (10, 18 ,36, 
54 ,86) and the results were used as ini-
tial predictions for the relative state us-
ing the Coulomb potential. It was found 
that the energy of the photon energy 
of x-ray (Eβ1) line increases more than 
the photon energy of x-ray (Eα1) line as 
the atomic number increases and at the 
atomic setting of (86, 54). As for the 
wavelength of the line λβ1 it is greater 
than the wavelength of the line λα1 as 
the atomic number increases. The rela-
tionship between the frequency square 
root of x-ray light and the atomic num-
ber was observed. The results showed 
that the frequency increases with the 
increase in the atomic number. More-
over, the wavelength is subjected to the 
intensity of the x-ray photon energy of 
the two lines Kα1and Kβ1. The x-ray in-
tensity ratio of the Ekα2/Ekα1 lines was 
recorded and showed an increase a 
with increasing atomic number. This 
means that the intensity of the Ekα2 

line increases with increasing Z while 
the intensity of the Ekα1 line decreases. 
The ratio of the X-ray intensity of the 
two lines (Ikβ1/Ikα1) for noble gases was 
found with increasing atomic number 
with the ratio, which means the possi-
bility of the electron moving from M3 
to K in order to fill the gap in K.
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