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ABSTRACT: The quantum theory of scattering of electromagnetic waves by charged particles is known as Compton effect 

which can give us valuable information about the electronic structure of transition metals and alloys. In this study it was 

calculated the Electronic State for two (W-Cu) alloys, where Compton profile (CP) for W, Cu elements it was calculated 

theoretically by using the Renormalized Free Atom (RFA) model, The study found that the best electronic configuration for 

the two elements is: (5d5-6s1) and (3d9.9-4s1.1) respectively after has been compared the results that have been obtained with 

the available experimental values, Free atom (FA) data has also been added for two elements in the study. Also found 

Compton profile (CP) for the two alloys (W60%-Cu40%),(W72%-Cu28%) using the Superposition model and the results were 

compared with the available experimental values and Augmented Plane Wave (APW) data respectively. the calculations 

theoretical for Superposition model  was give a better agreement with available experimental values. 

Keywords: Compton profile(CP), The Renormalized Free-Atom model, (Superposition) model, Compton scattering, alloys. 
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1. Introduction 

The inter-transition metal binary alloys are of 

special interest because the valence band d 

electrons play important role in their physical 

and electronic properties. In experimental and 

theoretical physics the electronic characteristics 

of W-Cu system are of interest because of its 

many applications like including fusion reactors, 

microelectronics, and military ordnance 

applications, which made for this alloy a subject 

of scientific and technological interest. The 

electronic structure of W-Cu along with some 

other transition-metal alloys has been 

investigated by[1].These authors have compared 

their empirical results with (Sup) model and 

band structure calculations[2].The W-Cu system 

that consists mainly of two intermetallic alloys 

i.e. (W60%-Cu40%),( W72%-Cu28%) However, 

attempts to study the properties of the ground 

state such as the distribution momentum density 

by the Compton profile have not been made 

theoretically, as far as know, for any 

configuration of the (W-Cu) system, Therefore, 

in our study, discussed the study EMD 

(theoretically)  in alloys (W-Cu) by the 

Compton profile. The process of interaction of 

radiation with matter occurs mainly through 

Compton scattering, which was discovered in 

1923 by theoretical interpretations of the x-ray 

experiment[3]. Historically, the discovery of 
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gamma rays and x-rays by Roentgen gave rise to 

the Compton effect[4]. When inelastic scattering 

of x-rays by electrons occurs in solids, the 

energy distribution of the scattering photon has a 

Doppler broadened due to the momentum 

distribution of the electrons[5].From through a 

Doppler shift of scattered photons for Compton 

,the momentum distribution of electrons in a 

material is measured by electrons in motion also 

a study of bonding electrons behavior can be 

made by studying the valence Compton 

profiles[6]. When an increase in the field occurs, 

the Compton effect is transmitted to the 

nonlinear system, and as a result, several 

photons are absorbed and converted into 

photons of high energy[7]. Also, the Compton 

scattering (CS) is a unique style and has 

multiple uses to test the correlation energies in 

matter by studying the electron momentum 

density[8].The EMD is a ground state property 

and thus useful for compares with theoretical 

calculations as the compute of response 

functions[9].Inelastic x-ray scattering at high 

energy and momentum transfers. The Compton 

profile allows verifying the quality of the 

electron wave functions through Fourier 

transforms, defining the Fermi surface and 

verifying the quality of band structure 

calculations[10]. Compton Profiles are widely 

used to analyze data on the electronic structure 

of a target material and have many applications 

in materials science, atomic physics, and 

condensed matter physics[11]. The Compton 

scattering technique gives us information related 

to the EMD of the solids, because the shape of 

the Compton profile is sentient to the movement 

of external electrons in atoms that move 

slowly[12-13].The status of the J(PZ) line of the 

scattering Compton radiation is revealed through 

spectral analysis of this radiation and depending 

on the impulse approximation (IA) theory, This 

can be reduced to the ‘CP’[14]. The assumed 

time for the Compton scattering reaction to 

occur according to (IA) is so small that the 

initial and final electrons see the same constant 

potential. The Compton scattering technique has 

been well proven to be a technique that has 

many uses, including validate the exchange 

potential by the electron momentum density[15]. 

Through CS technology, and can perform tests 

for the electronic properties of materials[16]. 

The CS technique is a useful experimental 

method for measuring momentum density in 

molecular and condensed matter systems[17]. 

The inelastic type of during the collision of a 

photon with an electron, Compton scattering 

will occur and part of the photon energy is 

transferred to the electron[18]. The Compton 

technique gives a number of substantial 

advantages when compared to other 

spectrometers that include this regard[19]. When 

comparing Compton scattering with other 

complementary methods for test the electronic 

momentum density of materials, we find that it 
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has special advantages as well[20]. Compton 

profile J(Pz) can be defined as: can provide 

information about the projection of electronic 

momentum density on the scattering wave 

vector, Within the impulse approximation, J(Pz) 

is given by[21]. 

𝐽(𝑃!) = ∬𝑛(𝑝)𝑑𝑃"	𝑑𝑃#                             

where Px momentum component in the x 

Cartesian direction and Py  momentum 

component in the y Cartesian direction and the z 

direction is parallel to the resultant of the 

incident and scattered wave vectors, n(p) are the 

electronic momentum density. In previous years, 

a great effort has been made by researchers to 

study the electronic states of polycrystalline 

alloys such as: Ti-Cu[2], Fe-Ni[22], Ti-Al[23], 

Cr-Ni[24], Ti-Ni[25],(AgCl and AgBr)[26], 

(PbCl2 and PbBr2)[27] and Cr-Fe-Mn[28]. 

using Compton scattering technique. The aim of 

this study discusses of the Compton profile 

(theoretically): 

1. An theoretical Compton profile of W , Cu 

measured using RFA Model. 

2. the theoretical Compton profile of (W60%-

Cu40%),( W72%-Cu28%) alloys using the 

Superposition Model. 

3. To compare our theoretical result with 

available experimental values and (APW) data.  

 

 

2. Theoretical Calculations  

2.1. Calculations (RFA) model 

In this part of the study,  adopted on the (RFA) 

model in our theoretical calculations to find the 

configuration of the electrons of the shells (5d-

6s) of the element tungsten and (3d-4s) of the 

element copper in order to find the best 

electronic arrangement for them, and this model 

gives correct results and agrees well with the 

results of the available experimental values. This 

(RFA) model considers that the atom is not free 

, but confined to a particular cell in the 

solid[29]. The success and validity of the RFA 

model is clearly evident in the studies and 

research presented by researchers such as 

Hodges[30]. Also, this model gives completely 

correct results for the characteristics of the bund 

structure and also an explanation of cohesion in 

the transition metal series. the calculation starts 

from Hartree-Fock wave function contained in 

tables[31-32] which is truncated at the Wigner-

Seitz radius(𝑅$) and renormalized to unity 

within this sphere to preserve the charge 

neutrality. The new wave function 𝑅%&(𝑟) is 

given by. 

𝑅%&(𝑟) = -𝑁%&
'(		𝑅%&

)*+,-.(0)					𝑟 ≤ 𝑅$
0																														𝑟 > 𝑅$	

	             (1) 

Here 𝑅%&
)*+,-.(0)  is the atomic radial wave 

function for the state with quantum number 

𝑛	𝑎𝑛𝑑	𝑙	𝑎𝑛𝑑	𝑁%& is defined by. 

N23'( = ∫ 6R23
456789(:)6

(
r(dr;!

$                              
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(2) In this way, the solid will be composed of 

independent atoms and will be almost in the 

same state as the solid state was formed before 

these atoms were associated with each other. 

The successes achieved by the simple RFA 

model compared with the available experimental 

measurement results proved that this model 

gives correct and accurate results. The effect of 

renormalized of the wave function of the shell 

electrons s is large, as the maximum percentage 

of the electronic charge present within the 

Wigner-Seitz spherical shape is within the range 

of (5%). As for the electrons of the shell d, this 

percentage is about (95%). For this reason, the 

effect of the calibration process on it be small. 

Please note that this RFA model is used to find 

the Compton profile for element W , Cu and 

Free atom (FA) data has also been added are 

taken directly from tables[33]. 

2.2 Calculations (Sup) Model 

Using the Compton profile for element W and 

Cu, can find the Compton profiles	J4<(P=)	 for 

both alloys by the equation below[23]. 

J4<(P=) = (1 − c)J4(P=) + cJ<(P=)	                 (3) 

Where 𝑐 is the atomic concentration of b atoms 

in the ab alloy. whereas 	J4(P=),	J<(P=) are the 

theoretical calculations for (CP) of W and Cu, 

respectively. The J(PZ) for (W60%-Cu40%),( 

W72%-Cu28%) alloys are calculation using this 

equ.3. For comparison, the values of the 

Compton profiles extracted according to the 

(APW) method have been added, Our theoretical 

values for the Compton profiles for (W60%-

Cu40%),( W72%-Cu28%) alloys are normalized to 

(18.2915, 20.4190)	𝑒' respectively. 

3. Results and Discussion 

3.1. The discussion results of (RFA) 

Table 1 includes our theoretical results for the 

Compton profiles values extracted by the RFA 

model for the elements W and Cu, the Compton 

profiles values extracted by FA from Biggs 

tables[33], as well as the available experimental 

values. The momentum region is (0→5a.u.) for 

all existing values. With regard to the element 

W, note that the values of the Compton profiles 

(RFA) as well as FA in the momentum region 

located between (2→5a.u.) are almost similar, 

and the reason for this is due to the fact that the 

electrons in this region are the electrons of the 

core. Also in the momentum region located 

between (0 → 0.3a.u.), note that the FA values 

are greater than the RFA and experimental 

values. For the momentum region (0.3 → 

0.6a.u.) , notice that the values of the two 

models (RFA, FA) are close to each other when 

compared with the experimental values, in  the 

momentum region (0.7 → 0.8a.u.), notice that 

all values are convergent except for the value of 

(Expt. for W).and in the momentum region (1.0 

→1.8a.u.), notice that the values of the two 

models (RFA, FA) are somewhat close to each 

other when compared with the available 

experimental values, and the same applies to the 
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Cu element.  in this study Our theoretical values 

for the Compton profiles for W and Cu are 

normalized to (23.7239, 11.8123)	𝑒'. 

Respectively.  

Table1: Our theoretical Compton profile results for W , Cu were compared to the experimental values[1].These values 

were normalized to (23.7239, 11.8123)	e". Respectively 

Pz 
(a.u.) 

J(pz) in (electron/a.u.) 
TUNGSTEN (W)  COPPER (Cu)  

Free atom 
(FA)[33] 

Core+RFA 
5d5-6s1 

Expt.[1) 
Free atom 
(FA)[33] 

Core+RFA 
3d9.9-4s1.1 

Expt.[1] 

0.0 11.2 9.394 9.21±0.0152 5.93 5.222 5.12±0.0099 

0.1 10.9 9.333 9.15 5.76 5.212 5.11 

0.2 10.1 9.241 9.06 5.37 5.161 5.06 

0.3 9.32 9.109 8.93 4.94 5.069 4.97 

0.4 8.64 8.925 8.75 4.6 4.947 4.85 

0.5 8.17 8.435 8.52 4.38 4.484 4.72 

0.6 7.85 8.197 8.28 4.24 4.332 4.56 

0.7 7.59 7.95 8.03 4.14 4.171 4.39 

0.8 7.34 7.673 7.75 4.05 4.009 4.22 

1.0 6.80 6.989 7.06±0.0126 3.86 3.796 3.89±0.0082 

1.2 6.22 6.296 6.36 3.62 3.654 3.58 

1.4 5.65 5.732 5.79 3.36 3.422 3.29 

1.6 5.15 5.237 5.29 3.07 3.13 3.01 

1.8 4.74 4.782 4.83 2.79 2.839 2.73 

2 4.40 4.444 4.44±0.0090 2.52 2.558 2.46±0.0058 

3 3.49 3.554 3.55±0.0067 1.47 1.455 1.50±0.0039 

4 2.86 2.843 2.84±0.0053 0.914 0.912 0.94±0.0026 

5 2.24 2.242 2.24±0.0042 0.632 0.64 0.66±0.0019 

In Figure1, which shows the comparison 

between the calculations values (theoretical) of 

the shape of the Compton profile J(PZ) for the 

extracted arrangement of the (W) element by 

adopting the (RFA) model and the experimental 

values of (FA) with the approved experimental 

values given in Table 1, where better note the 

equality and differences in the theoretical 

extracted values through the two models (RFA, 

FA) with experimental values, note that the 

values of the (RFA) model are somewhat closer 

to the experimental values compared to the free 

atom model (FA) in the momentum region 

(PZ=2→5a.u) and The same applies to (Cu) , 

shown in Figure 2. 
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Fig.(1): Comparison Compton J(PZ) profile of the our 

theoretical values with  experimental values[1] for the 

element (W) ,all values were normalized to (23.7239)	e". 

 
Fig.(2): Comparison Compton J(PZ) profile of the our 

theoretical values with  experimental values[1] for the 

element (Cu) ,all values were normalized to (11.8123)	e".   

3.2. The discussion results of (SUP) 

The our theoretical results of the Compton J(PZ) 

profile, which were obtained in the final form 

after all calculations and corrections were made, 

are given in Tables (2-3) for alloys (W60%-

Cu40%), (W72%-Cu28%).  where it was compared 

with the available experimental values as well as 

the data of (APW)[1].In Figure 3, which shows 

the comparison between the theoretical values 

(calculations) of the Compton profile J(PZ) for 

the values that have been extracted by adopting 

the (SUP) model and the values of (APW) with 

the experimental values adopted and given in 

Table 2 for alloys (W60%-Cu40%). 

Now from Figure3, in the momentum region 

(0.0→0.3 a.u.), notice that the values of the 

Compton profile, based on the maximum 

superposition model, as well as the values of 

(APW) are somewhat close and equal to and 

different when compared with the experimental 

values[1]. In the moment. region ( 0.4 a.u.), 

notice that the values of the Compton profile, 

based on the greatest superposition model, are 

somewhat close and equal, in contrast to the 

values of (APW) when compared with the 

experimental values[1].In the momentum region 

(0.4→0.6a.u.), notice that the values of the 

Compton profile, based on the greatest 

superposition model, are the closest and are 

almost equal when compared with the 

experimental values. As for the values of the 

(APW) data, they are somewhat different when 

compared with the available experimental 

values[1].In the momentum region (0.7→1a.u), 

note that the Compton profile values, based on 

the superposition model, are closest and are 

approximately equal when compared to the 

experimental values. Invert Data Values 

(APW).in the momentum region (1.2 → 1.4a.u), 

note that the Compton profile values, based on 

! " # $ % &

#

%

'

(

"!

"#

)

)

J(
P Z)in

(e
/a

.u
.)

PZ in (a.u.)
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 Expt.[1]
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! " # $ % &

"

#

$
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&

'

(
(

J(
P Z)in

(e
/a

.u
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(Expt[1]
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the largest overlay model of (APW) data values, 

are different among themselves when compared 

to the experimental values. As for the 

momentum region (1.4→2a.u.), notice that the 

values of the Compton profile, based on the 

greatest superposition model, as well as the 

values of (APW) are somewhat close and equal 

to each other and when compared with the 

experimental values[1].in the high momentum 

region (2→5a.u.) that all the values are 

approximately equal, because the electrons in 

this region are the core electrons only when 

compared with the experimental values[1].  

 
Table 2: Our theoretical Compton profile results for (present work) were compared to the experimental values[1] and data 

(APW), These values Sup(W60%-Cu40%)alloy  were normalized to (18.2915) e". 

Pz 

(a.u.) 

J(pz) in (electron/a.u.) 

COMPTON PROFILE: THEOR. 

Data (APW)[1] 
Expt.[1] 

(W60%-Cu40%) 
RFA (W) 

5d5-6s1 

RFA (Cu) 

3d9.9-4s1.1 
Sup(W60%-Cu40%) 

0.0 9.394 5.222 7.725 7.84 7.48±0.0145 

0.1 9.333 5.212 7.684 7.77 7.44 

0.2 9.241 5.161 7.609 7.66 7.35 

0.3 9.109 5.069 7.493 7.53 7.24 

0.4 8.925 4.947 7.333 7.36 7.09 

0.5 8.435 4.484 6.854 7.16 6.91 

0.6 8.197 4.332 6.651 6.92 6.71 

0.7 7.95 4.171 6.438 6.67 6.50 

0.8 7.673 4.009 6.207 6.40 6.27 

1.0 6.989 3.796 5.711 5.83 5.79±0.0120 

1.2 6.296 3.654 5.239 5.27 5.32 

1.4 5.732 3.422 4.808 4.75 4.90 

1.6 5.237 3.13 4.394 4.29 4.49 

1.8 4.782 2.839 4.004 3.92 4.13 

2 4.444 2.558 3.689 3.61 3.79±0.0087 

3 3.554 1.455 2.714 2.67 2.71±0.0066 

4 2.843 0.912 2.070 2.07 2.05±0.0052 

5 2.242 0.64 1.601 1.58 1.61±0.0043 
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Table 3: Our theoretical Compton profile results for (present work) were compared to the experimental values[1] and data 

(APW), These values Sup(W72%-Cu28%)alloy  were normalized to (20.4190) e". 

Pz 

(a.u.) 

J(pz) in (electron/a.u.) 

COMPTON PROFILE: THEOR. 

Data (APW)[1] 
Expt.[1] 

(W72%-Cu28%) 
RFA (W) 

5d5-6s1 

RFA (Cu) 

3d9.9-4s1.1 
Sup(W72%-Cu28%) 

0.0 9.394 5.222 8.226 8.34 7.90±0.0148 

0.1 9.333 5.212 8.179 8.26 7.88 

0.2 9.241 5.161 8.099 8.15 7.83 

0.3 9.109 5.069 7.978 8.01 7.72 

0.4 8.925 4.947 7.811 7.84 7.57 

0.5 8.435 4.484 7.329 7.62 7.38 

0.6 8.197 4.332 7.115 7.38 7.17 

0.7 7.95 4.171 6.892 7.11 6.94 

0.8 7.673 4.009 6.647 6.83 6.68 

1.0 6.989 3.796 6.095 6.22 6.14±0.0123 

1.2 6.296 3.654 5.556 5.60 5.63 

1.4 5.732 3.422 5.085 5.03 5.14 

1.6 5.237 3.13 4.647 4.55 4.70 

1.8 4.782 2.839 4.238 4.15 4.32 

2 4.444 2.558 3.916 3.84 3.99±0.0089 

3 3.554 1.455 2.966 2.91 2.99±0.0072 

4 2.843 0.912 2.302 2.31 2.28±0.0058 

5 2.242 0.64 1.793 1.78 1.81±0.0048 
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 Fig.3: Comparison Compton J(PZ) profile of the our 

theoretical values with  experimental values[1] for the 

(W60%-Cu40%) alloy and Data (APW) ,all values were 

normalized to (18.2915)	e".  

In Figure4, which shows the comparison 

between the theoretical values (calculations) of 

the Compton profile J(PZ) for the values that 

have been extracted by adopting the (SUP) 

model and the values of (APW) with the 

experimental values adopted and given in 

Tables 3 for Sup(W72%-Cu28%), where better 

notice the equality and differences in 

Theoretical values extracted through the two 

models (SUP, APW) with experimental 

values[1]. Especially in the momentum region 

located between (2→5a.u.) This is due to the 

fact that the electrons in this region are the 

electrons of the core only , as well as in the 

momentum region located between 

(0.0→0.4a.u.) there is a great convergence 

between the values (SUP, APW). In the 

momentum region located between 

(0.6→1.6a.u.), also notice that there is a 

convergence in the values between them when 

compared with the available experimental 

values. also note from the two figures that the 

shapes are somewhat close. Whether it is 

compared with the available experimental 

values, and this means that the model used by 

us (SUP) works effectively and the results that 

obtain from it are acceptable results. This is the 

aim that we would like to reach and can prove 

that these mathematical models are effective 

and unique models.  

 
Fig.4: Comparison Compton J(PZ) profile of the our 

theoretical values with  experimental values[1] for the 

(W72%-Cu28%) alloy and Data (APW) ,all values were 

normalized to (20.4190)	e". 

Now to determine the best electronic 

configuration and examine the differences in 

the behavior of the two alloys, it is necessary to 

find the sum of the square of the difference 

between the theoretical and experimental  

values by applying the following relationship: 

!∑ !𝐽!"#$.(𝑝&) − 𝐽#'(.(𝑝&)()
* (

+
=	∑ |∆	𝐽(𝑝&)|+	)

* (4) 

! " # $ % &
"

#

$

%

&

'

(

)

*

*
J(

P Z)in
(e

/a
.u

)

PZin(a.u.)

*Sup(W60%-Cu40%)
*Data (APW)[1]
*Expt.[1]

(W60%-Cu40%)alloy.

! " # $ % &
"

#

$

%

&

'

(

)

*

+

+

J(
P Z)in

(e
/a

.u
.)

PZin(a.u.)

+Sup(W72%-Cu28%)
+Data (APW)[1]
+Expt.[1]

(W72%-Cu28%)alloy.



MJPS, VOL. (12), NO. (2), 2025 
 

 
 

10 

After referring to relation 4, the differences 

were found for the electronic configurations 

extracted by the superposition  model.  

Table 4:The difference between the values of theoretical  calculations and experimental values for both alloys. 

Different value Configuration NO 

0.444 Sup(W60%-Cu40%)alloy 1 

0.804 Sup(W72%-Cu28%)alloy 2 

Figure.5 shows a plotted of the values resulting 

from this process, and  note from Figure5 that 

the values of the electronic configuration 

Sup(W60%-Cu40%)alloy is the closest to the 

experimental  results from the electronic 

configuration Sup(W72%-Cu28%)alloy, Where 

the sum of the difference between the 

theoretical and experimental values for both 

alloys was found by relation 4 and according to 

the following order:	∑ |∆	𝐽(𝑝>)|(?
$  for [(W60%-

Cu40%)alloy{presentwork}(SUP)-expt.(CP)] 

and ∑ |∆	𝐽(𝑝>)|(?
$  for [(W72%-

Cu28%)alloy{present work}(SUP)-expt.(CP)]. 

and the results were as in Table 4.Where  notice 

from Fig.5 that the values of the configurations 

for both alloys are in the positive region for the 

momentum values that range between (PZ = 0.0 

→ 0.5a.u.) and in the momentum region that 

ranges between (0.5 → 3a.u.) the values of the 

configurations are in the negative region and 

this result that  obtained is almost harmonious 

order of with the figure in ref.1 , Figure5 shows 

a comparison plotted of the differences between 

the experimental  and our theoretical 

(calculated) values of the (SUP) model, where 

clearly note that the differences are close for 

both alloys with the approved experimental  

results. 

 
Fig.5: plotting a comparison of the differences between 

the practical values[1] and the theoretical (calculated) of 

the (SUP) model for the Sup(W60%-Cu40%),(W72%-Cu28%) 

alloy each The results have been normalized to 

(18.2915,20.4190) e" respectively. 

4. Conclusions  

In this study, been study the Compton profile 

(CP) of: 

 W, Cu . elements and found best electronic 

configuration of the two elements they (5d5-6s1) 

and (3d9.9-4s1.1) respectively after it has been 

compared the results that have been obtained 

with the available experimental values,  
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(W60%-Cu40%),(W72%-Cu28%)alloys using the 

Superposition model and the results were 

compared with the available experimental values 

and (APW) data respectively, 

found Sup(W60%-Cu40%)alloy was give a better 

agreement with available experimental values. 
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