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ABSTRACT 

This paper presents a study on the Compton Profile 

(CP) for aluminum in the face-centered cubic (fcc) 

crystal structure. Renormalized -Free Atom (RFA) 

model has been used to calculate the CP for the (3s-

3p) subset of configurations. It is found that the RFA 

calculation for the (3s2-3p1) configuration provides a 

better agreement with experimental values and the 

Plane Wave Generalized Gradient Approximation 

(PW-GGA) than the free atom model. CP was chosen 

for all values within the momentum region (PZ= 

0→7a.u) and compared the theoretical results with the 

available experimental values. The results were in 

good agreement with the available experimental 

values. 
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 ( Alلمنيوم ) عنصر ال ل تحقيق منحنى كومبتون 
  محمد نزار محمد

 العراق -قسم تربية الضلوعيةالمديرية العامة لتربية محافظة صلاح الدين / -وزارة التربية
 الملخص 

اسممتاما) و بذا ادةد  ، ت) (fcc( ذات التاممب البلبري ال  امز الجسمم)  Al( لعنصمما امل نمب)  CPالبحث دراسممم حنحنك مبحبتب)   اهذ  يتضمم  

( ضم   سسمةتةت  13p-13sاملكتاووي    كبي الت ا) وجم،  (3p-3sاملكتاووي    كبي ( للتCP( لحسمة  حنحنك مبحبتب)  RFAحعةيا  الذر  الحا   

( وتمةوةت  PW-GGAالكتاووي دنم حقةروته حع القم) الع لمم ال تبفا  ومذلك حع تمةوةت   كبي ( مأفضممم  تRFAادةد  حعةيا  الذر  الحا   و بذا 

الع لمم  النتةئج النظايم حع القم)  وت ت حقةروم   ، (7a.u→=0zP.ضممم   حن قم الزخ) ح   لج مع القم)  و بذا الذر  الحا . ت) اختمةر حنحنك مبحبتب) 

 حتبافقم تشك  جمم حع القم) الع لمم ال تبفا .مةوت النتةئج    ال تبفا .

 الكلمات المفتاحية:

 , است ةر  مبحبتب).مبحبتب) , و بذا ادةد  حعةيا  الذر  الحا   حنحنك

 

1- Introduction: 

Aluminum is a metallic element with the chemical symbol Al and atomic number (Z = 13). The phenomenon of 

Compton scattering, or the inelastic scattering of X-rays as the diffraction of these rays is used for the purpose of 

knowing the physical properties of materials and gamma-rays via electrons, is strongly associated with the electron 

density distributions. The movement of targeted electrons strongly corresponds with the Compton spectrum's line-

broadening [1,2]. The spectrum produced by the broadened line shape is called  Compton  Profile (CP). Compton 

Scattering (CS) method is a renowned approach for investigating materials electrical characteristics [3,4]. It is 

widely recognized that CS is a versatile method for validating exchange and correlation potentials through electron 

momentum density [5]. This process involves the transfer of energy from an energetic photon to an electron, 

resulting in inelastic scattering [6]. The Electron Momentum Density (EMD) through its dependence on the 

ground-state wave functions and fitting procedure for extracting EMD properties  from  the Electron Density (ED) 

has been recently suggested [7,8], which has a historical background dating back to the discovery of X-rays and 

gamma-rays by Roentgen and one of the main mechanisms for gamma-ray production is the nonlinear Compton 

scattering [9]. CS is a unique and versatile technique to test usefulness of various exchange and correlation energies 

through  the  electron  momentum  densities [10]. X-rays involving electrons at high energies and transfers of 

momentum are scattered inelastic by Compton profiles [11]. CS has been shown to be an advantageous tool in 

obtaining bulk sensitive quantitative information on electronic structure [12]. The separate particles assumption is 

used in normal CS computations from atomic to represent electrons as distinct objects in a successful potential 

controlled through the electron-nucleus connection [13]. CP has a wide variety of applications, rang from clinical 

as in radiobiology and radiation therapy to photonuclear reactions in nuclear physics [14]. CS is an incoherent 

process relying on the interaction of an electron with an incident photon, it is now authenticated that electron CS 

can show an way to directly measurement momentum distributions of the electrons in a molecule [15]. It is well 

established that measuring the CP constitutes one of several direct approaches for exploring an object's ground-

state electronics [16]. Compton profile J(PZ) can be defined as: can provide information about the projection of 

electronic momentum density on the scattering wave vector. J(Pz) is written as by [17]. 

𝐽(𝑃𝑍) =  𝑛(𝑝)𝑑𝑝𝑥𝑑𝑝𝑦  (1) 

Where px, py represents the momentum components in the x and y directions relative to the Cartesian coordinates, 

whereas the direction of z corresponds towards the combination of the collision and scattered wave trajectories. 

The valence electron's spherical averaging is then merged together with free atom central contributions [18] to 

yield the complete Compton profile. Over the past years, researchers have made an exceptional effort to study the 

CP for aluminum, such as [19,20,21]. 

The aim of the study is to find the electronic momentum density n(p) of the CP for the aluminum element and to 

know the best electronic configuration using the RFA model, and to compare the results obtained theoretically 

with the available experimental values. 
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2- Theoretical Calculations: RFA model 

The purpose of using computer programs such as RFA is to explain the accuracy of these programs in finding the 

values under study, such as the CP. Our theoretical calculations were made for the CP of Al(fcc) using the RFA 

models. By using the calculate wave equation for Hartree-Fock (HF), the CP was calculated for the electrons in 

the 3s shell of Al(fcc) [22]. As for the remaining electrons (3s-3p), the values of the CP shape have been taken 

from tables of Biggs et al. [18]. Our final results for the CP have been normalized to (5.98765) electrons, which is 

equivalent to the region of free atom CP derived from tables of Biggs et al. [18]  in the range of (Pz=0→7 a.u). 

RFA model involves truncating the atomic wave function at the Wigner-Seitz radius and renormalizing it to one 

electron per unit volume within the Wigner-Seitz sphere, yielding an approximate crystal wave function. This 

approach was first introduced by Chodorow [23].  

The new wave function 𝑅𝑛𝑙(𝑟) is given by. 

𝑅𝑛𝑙(𝑟) = {
𝑁𝑛𝑙

−2  𝑅𝑛𝑙
𝑎𝑡𝑜𝑚𝑖𝑐(𝑟)

     𝑟 ≤ 𝑅0

0                              𝑟 > 𝑅0 
     (2) 

 Here 𝑅𝑛𝑙
𝑎𝑡𝑜𝑚𝑖𝑐(𝑟)

  is the atomic radial wave function for the state with quantum number 𝑛 𝑎𝑛𝑑 𝑙 𝑎𝑛𝑑 𝑁𝑛𝑙
−2 is defined 

by  

𝑁𝑛𝑙
−2 = ∫ |𝑅𝑛𝑙

𝑎𝑡𝑜𝑚𝑖𝑐(𝑟)
|

2
𝑟2𝑑𝑟

𝑅0

0

       (3) 

This new wave function is then used in theoretical calculations. The effect of normalization is the largest for 

electrons in the s shell, because it almost contains a charge (5 %) within the Wigner-Seitz sphere. As for the 

electrons in the d shell, this percentage is about (95 %). For this region, the effect of the calibration process on it 

is almost imperceptible. 

3- Results and Discussion: 

The theoretical results of the Compton profile J(PZ), which were obtained in the final form after all calculations 

and corrections were made, were given in Table (1). Three arrangements were chosen for the CP theoretically, 

which are (3s1.8- 3p1.2) , (3s1.9-3p1.1) and (3s2-3p1)  respectively, were compared with the Free Atom (FA) model 

(3s2-3p1) as well as data (PW-GGA). All the values of the CP have been normalized to the area under the curve 

(5.98765) within the momentum region (Pz=0→7a.u.). 

When we compare the different calculated and experimental result of [24] Compton profile shown in Table 1, we 

notice that in the extremely high momentum region (Pz >4.0a.u.), all possible values are nearly identical. This is 

since only electrons from the core participate in this region, so a similar model remains employed in all situations. 

It is worth noting that the outcomes agree well with the results of the experiment. 

In the momentum region (Pz=0→0.3a.u.), we can observe that a free atom concept has the greatest disparity. 

Overall, the PW-GGA and RFA parameters are significantly flatter. For the momentum region Pz <0.4a.u. We can 

see that RFA values for (3s2-3p1) are lower than the (PW-GGA ,3s1.8- 3p1.2 , 3s1.9-3p1.1) results, but as the 

momentum increases beyond 0.6 a.u., the trend is reversed, and the (3s2-3p1) values are higher than those from 

(PW-GGA ,3s1.8- 3p1.2 , 3s1.9-3p1.1). At Pz =0.5a.u., the calculated results of (3s2-3p1, 3s1.9-3p1.1) are equal. 

Comparing the free atom model with other results, we can see that in the low momentum region, the free atom 

(3s2-3p1) values are higher than the PW-GGA values, but beyond Pz>0.4 a.u., the trend gets PW-GGA 

measurements are greater than free atom measurements. At Pz > (3, 4, 5) a.u., the values of both models become 

similar (see Fig 1). Fig 2 illustrates the comparison of the free atom results with experimental [24] Compton profile 

for Al. 

 

 

 

 

https://doi.org/10.25130/tjps.v29i1.1441


  

 

  
Tikrit Journal of Pure Science (2024) 29 (1): 81-88 

Doi: https://doi.org/10.25130/tjps.v29i1.1441 
 

84 

Table 1: Our theoretical Compton profile results for Al were compared to the experimental values [24], 

and all quantities were expressed in atomic units. These values were normalized to (5.98765) electrons. 

 
Pz 

(a.u.) 

J(pz) (e/a.u.) 

Free atom 

(3s2- 3p1) 
[18] 

 
PW-GGA 

[24] 

Theory(RFA)  
Expt. 
[24] 

Core 
+RFA 

3s1.8- 3p1.2 

Core 

+RFA 

3s1.9- 3p1.1 

Core 

 +RFA 
3s2- 3p1 

0.0 5.15 3.880 3.934 3.858 3.808 3.871 ± 0.021 

0.1 5 3.853 3.918 3.843 3.795 3.844 

0.2 4.57 3.769 3.813 3.743 3.701 3.766 

0.3 3.97 3.628 3.575 3.516 3.486 3.631 

0.4 3.32 3.435 3.274 3.234 3.22 3.441 

0.5 2.76 3.191 2.939 2.921 2.921 3.204 

0.6 2.34 2.889 2.534 2.537 2.558 2.936 

0.7 2.04 2.539 2.136 2.16 2.199 2.652 

0.8 1.84 2.183 1.865 1.869 1.907 2.368 

1.0 1.62 1.734 1.686 1.697 1.722 1.876 ± 0.013 

1.2 1.49 1.531 1.546 1.559 1.584 1.554 

1.4 1.38 1.419 1.424 1.436 1.461 1.361 

1.6 1.26 1.303 1.305 1.316 1.337 1.236 

1.8 1.14 1.182 1.184 1.195 1.215 1.113 

2 1.03 1.063 1.066 1.075 1.094 1.011 ± 0.009 

3 0.568 0.570 0.595 0.6 0.61 0.557 ± 0.007 

4 0.322 0.323 0.338 0.341 0.346 0.324 ± 0.005 

5 0.199 0.199 0.209 0.211 0.215 0.198 ± 0.003 

6 0.199 0.133 0.14 0.142 0.144 0.134 ± 0.003 

7 0.134 0.094 0.097 0.099 0.102 0.095  ±0.002 

 
Fig 1: Comparison of the theoretical Compton profile (normalized to 5.98765 electrons) for Al with the 

experimental values [24]. 
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Fig 2: Comparison of the Compton profile results of the free atom model for Al with the experimental 

values [24]. 

 

Now to determine the best configuration of electrons, for every scenario, the overall square error of  ∑ |∆𝐽|27 𝑎.𝑢.
0   

a.u. was determined  for each case in the range of (Pz =0→7 a.u.) by: 

(∑ (𝐽𝑇ℎ𝑒𝑜.(𝑝𝑧) − 𝐽𝑒𝑥𝑝.(𝑝𝑧))

7

0

)

2

=  ∑|∆ 𝐽(𝑝𝑧)|2      (4)

7

0

 

Figure 3 displays a graph of the distinction among the hypothetical (RFA only) and experimental [24] Compton 

profile of Al, whereas Fig 4 provides the graph of a discrepancy among the hypothetical (RFA only) and 

experimental [24] Compton profile of Al. In the region of low momentum, it can be observed that the ∆J values 

PW-GGA, 3s1.9 - 3p1.1, 3s1.8 - 3p1.2– Exp, and 3s2 - 3p1-Exp are larger than ∆J for 3s2 - 3p1-Exp. Moreover, the ∆J 

values for 3s2 - 3p1-Exp are only similar to those in the low momentum region. However, the ∆J values where 

(Pz>3 a.u.), free Atom-Expt is approximately the same as well. The values obtained from experiments are 

extremely similar to the predictions in the extremely high transference area (Pz>3 a.u.). 

In the high momentum region, the contribution of valence electrons is negligible, and the majority of the 

contribution comes from the inner-core electrons. The free-atom values provide a reasonable description of these 

inner-core electrons. 

To determine the optimal electron configuration, the total square deviation ∑ |∆𝐽|27 𝑎.𝑢.
0   was calculated for each 

case in the (Pz =0→7a.u.) range. The resulting values for the (3s2 - 3p1, 3s1.9 - 3p1.1, 3s1.8 - 3p1.2) configurations were 

0.657032, 0.667634, and 0.738595, respectively (refer to Table 2). Therefore, the (3s2 - 3p1) configuration appears 

to be the most suitable for accurately describing the Compton profile of Al in the high momentum region. 

Table 2: Variance  between calculated measured  results of [24] 

Different value Configuration NO 

0.657032 (13p -2 3s)Core+RFA 1 

0.667634 Core+RFA (3s1.9 - 3p1.1) 2 

0.738595 Core+RFA (3s1.8 - 3p1.2) 3 
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Fig 3: Comparison of ∆J for different between Electronic Structures and Free atom results, With all 

theoretical values normalized to (5.98765) electrons. 

 

Fig 4: Comparison of ∆J for different between Electronic Structures results, With all theoretical values 

normalized to (5.98765) electrons. 

4- Conclusions 

The scattering of electromagnetic waves with charged particles is called (Compton phenomenon), which can give 

us important information about the electronic structure of elements, alloys, and compounds. In other words, the 

Compton scattering experiments provide us with information about the Compton profile of the sample under study. 

The Compton profile J(PZ) of aluminum element (Al-Fcc) has been studied by the (RFA) model. The results 

obtained by this model were in good agreement with the available experimental values. The electronic 

configuration (3s2-3p1) was the best configurations with the available experimental values. Moreover, RFA model 

gives completely correct results for the characteristics of the band structure and provides clear explanations about 

the cohesive energy of the elements, and the successes achieved by RFA model compared to the available 

experimental results have proven that this model gives correct and accurate results in the theoretical calculations 

of the Compton profile. 
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