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Abstract: Introduction: Compton scattering is a technique for determining the momentum distribution of electrons in condensed matter. 

When monochromatic photons are Compton scattered (inelastically scattered) in a fixed direction, the observed energy spectrum of the 

scattered photons is Doppler-broadened due to the motion of the target electrons. The objective of this review is to present the Compton 

scattering theory to researchers generally unfamiliar with this phenomenon and to lead the researchers to understanding of the 

fundamental principles of the Compton Scattering Theory and of the way in which they are employed in logical deductions and analyses.                                                      

In this review, the theoretical and experimental considerations and energy limitations of the Compton scattering method are discussed.                                                                   

The method for extracting information about ground-state electron momentum densities through an analysis of the Compton line shape 

is presented. The various Compton sources and Compton scattering in current use are reviewed.  Since 1970 Compton profile 

measurements have become more frequent and the experimental results for many Z-elements reported in the literature have been quoted 

to an accuracy of better than 1% for the total profiles. Today the Compton scattering is acknowledged as an important technique for 

investing the electronic structure of materials; it provides a sensitive test for the accuracy of the resulting electron wave functions 

obtained from different theoretical models. This has been demonstrated in view of the Compton scattering experiments successfully 

performed over a wide range of incident photon energies (10 - 662 KeV) used in various Compton spectrometer systems distributed 

around the world. 

Keywords: Compton scattering, high energy gamma-ray spectroscopy, methods and technologies, characterization techniques, modeling and 

materials theory.  

1. Introduction 

following the discovery and explanation of the effect in 1923 

by A. H. Compton [1,2]. It was then recognized that when 

monochromatic photons are Compton scattered (inelastically 

scattered) in a fixed direction, the observed energy spectrum of 

the scattered photons is Doppler-broadened due to the motion 

of the target electrons. A general review of the subject has been 

given by Cooper [3] and a detailed account is presented in a 

book edited by Williams [4]. DuMond [5] suggested that the 

Compton Effect would be a useful method for measuring the 

electronic momentum density of electronic systems. The link 

between the Compton scattering process and the electronic 

momentum density of the scattering system have motivated 

experimentalists as well as theoreticians to find interpretations 

for the Compton scattered spectrum. Unfortunately the 

development of Compton scattering method had to wait thirty 

years due to the experimental difficulties encountered as a 

result of the weakness of the Compton scattered radiation. 

 Renewed interest in the momentum density studies began in 

the mid 1960’s as a result of the theoretical work by Platzman 

and Tzoar [6] and later by Eisenberger and Platzman [7]. This 

together with the availability of x-ray tubes with improved 

stability and greater power than those available to DuMond and 

his coworkers, helped in constructing apparatus coupled with 

crystal spectrometers that can provide both high intensity and 

high resolution. The initial experimental efforts of Cooper and 

Leake and Weiss [8], Cooper and Leake [9], Cooper and 

Williams [10], and Weiss and Phillips [11], have shown within 

the framework of the Impulse Approximation that Compton 

scattering offered a probe for measuring the electron 

momentum density of atoms, molecules and solids. 

 

 

2. Materials and Methods 
In the impulse approximation the differential cross-section in 

the nonrelativistic region is proportional to the Compton profile 

J (pz). The Compton profile J (pz) is defined as the projection 

of the ground state electron momentum density distribution,      

n (p), along the scattering vector (chosen as the pz axis) and is 

given by;  

 

   J(pz) = ʃ ʃ n (px, py, pz) dpx dpy                             (1) 

 

The Compton profile given by equation (1) is of central 

importance because J (pz) represents the form in which results 

of experiments are presented. Furthermore, since   J (pz) is 

directly related to the momentum density n (p), the Compton 

profile constitutes a sensitive test of the accuracy of different 

wave-function models. 

When the incident photons are Compton scattered, the energy 

distribution of the scattered photons can be recorded and the 

double differential scattering cross-section d
2
σ/dΩdω obtained. 

The objective of this paper is to present the Compton scattering 

theory to researchers generally unfamiliar with this 

phenomenon and to lead the researchers to understanding of the 

fundamental principles of the Compton Scattering Theory and 

of the way in which they are employed in logical deductions 

and analyses. The main primary purpose of this paper is to 

show how the Compton profile J (pz) given by equation (1) can 

be extracted from the measured double scattering cross-section, 

following the explanation of the Compton effect and the 

consequent development of the Compton scattering theory 

which have led to an interpretation of the experimental results 

in terms of the electronic wave functions of the scattering 

system. 

http://www.woarjournals.org/IJGAES
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The Compton Effect: The Compton Effect refers to the 

inelastic scattering of a photon by free electron initially at rest. 

A comprehensive historical development of this effect is 

presented by Stewart [12]. Compton [1] found that when a 

monochromatic x-ray is scattered by matter, it is separated into 

two distinct parts, one of the same wavelength as the primary 

beam and the other of increased wavelength. Compton called 

these the unmodified and the modified ray respectively. The 

wave-length of the unmodified ray is in accord with Thomson’s 

classical theory of scattering x-rays [13] and the wave-length of 

the modified ray was explained by quantum theory. 

Compton measured the amount of the shift and produced a 

theory which explained the experiments perfectly. He assumed 

that the incident radiation consisted of photons which had 

momentum as well as energy and treated the collision of a 

photon of energy ħω and momentum ħk, colliding with a free 

electron initially at rest, as if he was dealing with a collision of 

ordinary material particles. The electron will recoil in order to 

satisfy simultaneously the laws of conservation of energy and 

momentum, and the photon will be scattered in some definite 

direction. The collision between the incident photon and a free 

stationary electron is shown in figure 1. Combining the laws of 

conservation of energy and momentum, Compton worked out 

the details of the collision and found the following relationship 

between shift in wavelength of the photon and scattering angle 

θ which exactly agreed with experiments. 

 

        λ2 – λ1 = (h/mc) (1 – cosθ)                                (2) 

 

Where λ1 and λ2 are the incident and the scattered photon 

wavelengths respectively, h is Planck’s constant, m is the 

electron rest mass, and c is the velocity of light. Equation (2) is 

the well-known expression for the Compton shift, or the 

difference in wavelength between the incident and the scattered 

photons. The length h/mc = 2.426 x 10
-12

 m is called the 

Compton wavelength λc which is equal to the wavelength of a 

photon whose energy is just equal to the rest energy of the 

electron mc
2
 = 0.51 MeV. Therefore, the Compton Effect is 

likely to be noticeable only for photons with wavelengths of the 

order of the Compton wavelength h/mc. In the long wavelength 

limit, λ ˃˃ h/mc, the angular distribution of the scattered 

photons agrees with the Thomson’s classical theory [13, 14]. 

                                     

 
Figure 1: Schematic diagram describing the Compton 

scattering interaction between an incident photon with initial 

wave vector K1, energy ω1, unit polarization ε1 and an electron 

with initial momentum p1 and energy E1. The photon scatters at 

scattering angle θ with wave vector K2, energy ω2, unit 

polarization ε2 and the electron recoils with momentum p2 and 

energy E2. 

Rewriting equation (2) in terms of the incident ω1 and scattered 

ω2 photon energies, the Compton shift in energy becomes, 

   ω2 =    ω1 [1+ ω1/mc
2
 (1- cosθ)] 

-1
      (3)                     

This equation emphasizes the fact that the Compton shift in 

energy is very strongly dependent upon ω1. At lower energy, 

photons are scattered with only moderate energy change, but at 

high energy, scattered photons suffer a very large change in 

energy. For incident energies of, say, 50 KeV and 400 KeV, 

both scattered at 45
0
, the 50 KeV photons lose about 9% of 

their energy and the 400 KeV photons lose almost 44%. 

Since the derivation of the Compton shift, equation (2), was 

based upon the assumptions that the struck electron is initially 

free and at rest, the nature of the scatterer, in fact does not enter 

into equation (2). As a result, the expression for the Compton 

shift, given by equation (2) does not provide any information 

about the target and the Compton theory appears at first a 

doubtful method for the study of the target electron. However, 

in a real target electrons are not free and stationary but bound 

and moving. In fact, the outer-shell electrons in atoms have 

velocities in the range 10
5
 – 10

6
 ms

-1
 and the core electrons in 

heavy elements can attain relativistic velocities. Scattering of 

monochromatic radiation by electrons at rest should lead to a δ-

function in Compton spectrum. However, it was subsequently 

found by Compton [2] that the Compton spectral line is broader 

than one would have expected from taking account of non-

monochromaticity and of the angular divergence of the incident 

radiation (see figure2). 

 

 
Figure 2: Shows the Elastic line and the Compton shifted line. 

 

The development of Compton Scattering Theory.  

Jauncy [15] was the first to show that the initial momentum of 

the scattering electrons play a part in the scattering process and 

influence the structure of the shifted line. DuMond [5] 

explained more rigorously the line broadening by the effect of 

the initial momentum distribution of the electrons, which had 

not previously been taken into account. According to 

DuMond’s explanation, monochromatic radiation, after 

scattering by matter at a well-defined scattering angle, suffers a 

change of wavelength as the result of two distinct types of 

process. The first of these two shifts is the result of the 

momentum imparted to a single target electron. This effect is 

known as the Compton Effect. The second effect can be 

understood as the result of the initial momentum of the 

scattering electron. This effect is known as Doppler Effect. 

This Effect results in a broadening of the shifted Compton line 

with a definite structure which is governed the momentum 

distribution of the scattering electron. 

 The relationship between the electron momenta and the line 

broadening was obtained, assuming a scattering process 

between a photon and a free but moving electron. If this 

assumption is to be valid for electrons bound in atoms, 
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molecules, and solids, the collision between the photon and the 

electron must be impulsive [3]. The consequence of the 

impulse approximation implies that the energy transfer Etran to 

the recoil electron must greatly exceed its binding energy Ebind, 

recoil electron will have high kinetic energy and is ejected into 

the continuum as a plane wave. Furthermore, during the 

scattering event, the excited atom cannot relax to take account 

of the hole left by the recoiling electron until it has completely 

escaped from the atom. Under this condition, the nuclear 

potential V(r) seen by the target electron is the same 

immediately before and immediately after the interaction. As a 

result, the potential energy term V(r) will cancel out in the 

conservation energy equation. Thus the impulse approximation 

the collision occurs between a photon and an individual 

moving but unbound electron. Using the nomenclature of figure 

1 and assuming the cancellation of the potential energy V(r) 

terms, the conservation equation in the nonrelativistic 

approximation, ħω1 ˂˂ mc
2
, can be written as: 

 

 ω1 - ω2 = (P1 +K)
2
/ 2m - |P1|

2
 /2m = |K|

2
/2m + K.P1/m       (4)          

 

Where K = k1 – k2 is the scattering vector and is 

conventionally chosen as the z-axis. The first term in equation 

(4) is the familiar Compton shift given by equation (2). The 

second term is linearly dependent upon one component, pz, of 

the electron’s ground-state momentum, and hence describes the 

Doppler broadening of the shifted line. 

     Since the Compton profile J(pz) given by equation (1) is 

subject to the normalization rule: 

                   ʃ J(pz) dpz = Z                                                  (5) 

 

Where Z is the number of electrons and since n(p) is the 

probability density distribution of finding an electron with 

momentum p, then the spectral intensity of the Compton profile 

is proportional to the number of electrons for which equation 

(4) is satisfied. Therefore, the Compton profile J(pz), given by 

equation (1) is one-dimensional projection of 3-dimensional 

momentum density distribution projected on the scattering 

vector, K. 

 

Compton Scattering from unbound electrons: The 

incoherent or Compton scattering refers to the process in which 

an incident photon imparts some of its energy to the scattering 

electron, the photon changes phase and the electron gains 

kinetic energy. The magnitude of the changes depends on the 

scattering angle and the energy of the incident photon. This is 

in fact the main difference with the coherent scattering. 

 When a photon is scattered by a free electron initially at rest to 

the extent that the atomic binding energy is negligible 

compared to the energy acquired from the photon, the 

kinematics for the process are derived from the usual 

conservation laws and the differential scattering cross-section 

is predicted with good accuracy by the Klein-Nishina  formula 

[16]. For unpolarized radiation this cross-section is: 

 

   (dσ/dΩ)K-N=(1/2)r0
2
(ω2/ω1)

2
(ω2/ω1+ω1/ω2– sin

2
θ)       (6) 

 

Where, r0 is the classical electron radius, r0 = e
2
/mc

2
 = 2.8 x 

10
-15

 m, θ is the scattering angle, ω1 and ω2 are the incident and 

scattered photon energies which are related to the Compton 

shift formula, equation (3). 

 In the low energy limit where ω1 = ω2, Klein-Nishina cross-

section is equal in magnitude to the Thomson cross-section, 

 

(dσ/dΩ)Th = (1/2) r0
2   

(1 + cos
2
θ)                            (7) 

 

One important aspect of the Klein-Nishina cross-section given 

by equation (6) is that, the spatial distribution of the intensity of 

the scattered photons possesses rotational symmetry, with the 

direction of the incident ray axis, (see Fig 1). 

In spite of this symmetry, the distribution is not completely 

isotropic. The degree of anisotropy varies strongly with the 

incident photon energy. At higher energies, above about 100 

KeV, the photons are mostly scattered forwards, indicating a 

strong anisotropy. At energies around 30 KeV, the distribution 

tends to be more isotropic. For unpolarized radiation, there is a 

factor 2 in the scattering at 90
0
 and 180

0
. At these low energies 

the angular variation of the Klein-Nishina cross-section is small 

and the anisotropy is lost as the Klein-Nishina cross section 

approaches the Thomson cross- section equation (7). 

  

Compton Scattering from bound electrons: Incoherent 

scattering of photons by bound electrons implies that the 

electron binding energy cannot be neglected. Despite its good 

accuracy (i.e. ˂ 1% error), the Klein-Nishina differential cross 

section for a free electron is applicable as long as the electron 

binding energy is negligible. However, the departures from the 

Klein-Nishina equation (6), occurs at low photon energies 

because of the electron binding effects. 

     The decrease in the probability for incoherent scattering of 

photons by bound electrons over that for free electrons arises 

because the energy transfer to bound atomic electron is 

practically impossible unless the electron gains that amount of 

energy necessary for it to make a transition to some empty 

higher energy state. As the binding energy becomes large, 

approaching infinity, the whole atom absorbs the energy 

transferred. As a result, the coherent (Rayleigh) scattering 

probability increases. To correct the incoherent scattering 

cross-section for electron binding, a multiplicative factor is 

applied to the Klein-Nishina differential scattering cross 

section. The derivation of this multiplicative factor is based on 

the first order Born approximation.  

 

The First Born approximation: The first Born approximation 

corresponds to the case where the coupling between the photon 

and the target electron is weak (see [17] ). The frist Born 

approximation is based on the following assumptions: (i) the 

interaction between the incident photon and the target is weak. 

The consequence of this assumption is that scattering process is 

viewed as an interaction of a photon with an individual electron 

thus eliminating all the other effects from the scattering system. 

(ii) As a result of assumption (i) the incident and scattered 

photons can be described by plane waves (i.e. the incident 

photon energy must be high compared with the binding energy 

of the electron. In addition, the amplitude of the scattered wave 

is small compared with incident amplitude. Under this 
condition an energy transfer to the scattering electron is 

assured. As a result of the first Born approximation, the 

differential scattering cross-section is given as: 

 

           (dσ/dΩ)=(dσ/dΩ)k-NS(K,ω)                 (8)                          

 
The multiplicative scattering factor S(K,ω) is a function of 

both the momentum transfer K = k1- k2  and the energy transfer 

ω = ω1 -  ω2 . The general behavior of S(K,ω) is that it 

approaches zero or unity depending on whether the momentum 

and energy transfer to the atomic electron is small or large, 

respectively, compared to the initial electron energy and 
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momentum. Thus S(K,ω) represents the probability that an 

atom will absorb energy and be raised to an excited or ionized 

state when an incident photon transfers momentum and energy 

to any of the atomic electrons. This probability enables S(K,ω) 

to be expresses using the Golden Rule as, 

 

 S(K,ω) = ω2/ω1 Σf Σi | ˂ f | Σj exp i(K•rj) | I ˃ | 2 δ (E2- E1 – ω)   (9)          

 

The delta function ensures conservation of energy 
during the scattering process. | i˃ and  ˂f | are the initial and 

final electron states. The matrix element describes the 

scattering amplitude and the factor Σj exp i(K• rj) which is the 

Born operator is the phase of the scattering amplitude from the 

j
th

 electron. Substituting for S(K,ω) in equation (8) gives the 

following general non-relativistic scattering formula, 

 

  (d2
σ/dΩdω) = (dσ/dΩ)k-N ω2/ω1 Σf Σi | ˂f | Σj exp i(K• rj) |    

i ˃ |
2
  δ (E2- E1 – ω)                       (10) 

 
The Compton profile for moving bound electrons can now be 

derived after one further approximation. The following section 

shows how the Compton profile J(pz) given by equation (1) and 

subjected to the normalization condition, equation (5) can be 

extracted from the spectral distribution given by equation (10). 

This is done within the framework of the Impulse 

Approximation (IA). 

 

The Impulse approximation: The central feature of the IA is 

the effective removal of the potential energy terms from the 

energy conservation law. To arrive at this important result, it is 

essential to emphasize the assumption underlying this 

approximation. In the IA it is assumed that:   (1) the time the 

photon spends probing the electron distribution (Δt = ħ/Δω) , 

where Δω is the energy transfer. (2) the energy transfer is much 

larger than the one-electron binding energies, ω ˃˃ Ebind. 

       For the interaction to be impulsive, the duration must be 

very short. This implies that the energy transfer must be very 

large provided that it is within the limit of assumption (2). 

Under this condition, the interaction is viewed as taking place 

between a photon and an individual electron. The recoiling 

electron must be emitted so quickly that it has completely left 

the system before the other electrons can relax, to take account 

of the positive hole produced. For this to occur, the energy 

transfer to the electron must greatly exceed the one-electron 

binding energies, in accord with assumption (2). 

        Therefore, the consequence of the IA is that, for a short 

duration, the potential V(r) that the electron is moving in may 

be thought of as a constant. Thus it cancels out in the energy 

conservation equation. The energy conservation expressed by 

the delta function in equation (9) or (10) is the same as the one 

given by equation (4). i.e. 

 

           ω =|K|
2
/2m + K•P1/m                     (11) 

 
The delta function states that the scattered photon is shifted in 

frequency both by the momentum transfer term (K
2
/2m) and 

the Doppler shift component (K•P1/m). For a particular 

scattering angle θ, the scattering vector K and pz are fixed and 

the summation for each value of ω is over all states in the px, py 

plane. For | K |
2
 ˃˃ | P1|

2
, where P1 is the initial electron 

momentum, the IA allows the final electron state to be written 

as a continuum plane wave, exp (ip2• rj). The matrix element of 

equation (10) can be rewritten as, 

 

       Σj | ʃ Ψi (rj) exp [i(K- p2) • rj ] drj |
2
 

Since the conservation of momentum implies that, P2 = K + P1, 

the matrix element above reduces to Σj |χ i (pj)|
2  

the one 

electron momentum density distribution where χi (pj) is the 

Fourier transform of Ψi (rj). The function Σj |χ i (pj)|
2  

gives the 

probability of finding the initial electron with a given 

momentum Pj . The cross-section given by equation (10) can 

now be rewritten as,  

 

 (d2σ/dΩdω)=(dσ/dΩ)k-N(ω2/ω1)(m/|K|)ʃʃn(px,py,pz)dpxdpy     (12)          

 

It has been shown based on the IA, that the Compton profile of 

equation (1) can be extracted from the spectral distribution. 

The transformation from energy to momentum scales being 

accomplished by the equation, 

 
ω1ω2(1-cosθ)/mc

2
 - (ω1-ω2)                                                                                                            

Pz/mc = ----------------------------------               (13)                          

      (ω1 
2
 ω2 

2
 - 2ω1ω2 cosθ)

1/2
 

 

        The need to measure the electron momentum 
distribution rather than the more usual position distribution 

commonly associated with x-ray diffraction studies is very well 

justified. Since electrons in real materials are in motion, it is 

more informative to view the dynamics of such systems in 

momentum instead of position space. Another important aspect 

of measuring a momentum distribution is the fact that both 

momentum and position are related via the Dirac-Fourier 

transform. The significance of such a transform makes the 

Compton profile particularly sensitive to the behavior of the 

slower moving outer electrons, in particular those responsible 

for the interatomic effects which lead to the formation of solids 

and molecules and therefore can be used to test their quantum 

mechanical description (see figure 3). 

 

 
 

Figure 3: The free atom Compton profile of nickel calculated 

numerically from [23]. The contributions from the individual 

electron shells are also shown. 

Over the range of energies below 1MeV, the Compton cross-
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section is proportional to the atomic number Z whereas the 

photoelectric cross-section is approximately proportional to Z
4
 

/ω1
3
 where ω1 is the incident photon energy. This implies that 

the ratio of Compton to photoelectric cross section is 

approximately proportional to ω1
3
 /Z

3
 (see figure 4). 

 

 
 

Figure 4: Ratio of the energy transfer to the K-electron binding 

energy in Compton scattering at 150
0
 scattering angle plotted 

as a function of atomic number Z of the scatterer [7]. 

For 662 keV gamma ray radiation, the Compton cross section 

is greater than the photoelectric cross section up to about Z=90 

[18-23]. For example, if Compton profile measurement is to be 

carried out using x-ray energy of 15 keV compared to gamma 

ray energy of 662 keV, the gamma ray experiment will gain a 

factor of about 10
5
 in time for the same sample and the same 

source strength. As a result, the higher energy of the gamma ray 

makes Compton profile measurements to be performed on a 

wide range of high Z-materials and their alloys which are 

completely impractical at the present x-ray energies. 

3. Results: 

Experimental Requirements: Since the intensity profile of 

Compton scattered x-rays or gamma rays is a measure of the 

electron momentum distribution in a scatterer and a sensitive 

probe of its electronic structure, precise measurements of 

Compton profiles require three important parameters:  

   (1) High statistical accuracy. This requirement is based on the 

fact that, low statistical accuracy of measurements implies that 

information contained in the Compton profile will be hidden by 

the large statistical error. This in turn prevents precise 

measurements of the electron momentum distribution in a 

scatterer. However, high statistical accuracy in Compton profile 

measurements can generally be realised by either increases in the 

count rate of x-rays or γ-rays, which depends on the intensity and 

energy of the incident photons as well as the scatterer to be 

studied, or using detection systems which possess high efficiency 

at the energy range of interest.  

   (2) High momentum resolution. This requirement is based on 

the fact that, a quantitative discussion of the electronic structure 

of metals and alloys as to the discontinuity at Fermi momentum 

and fine structures in the region below it, requires high 

momentum resolution. Therefore, a low momentum resolution is 

expected to smooth out detailed fine structure in the shape of the 

Compton profile. In principle, high momentum resolution 

Compton profile measurements can be achieved using high 

monochromatic incident photons, high resolution of the scattered 

photons by means of a small divergence of the scattering angle, 

and detection systems which possess high energy resolution in 

the energy range of interest. However, it is important to 

emphasise the fact that, in practice, the conditions of the latter 

requirement often conflict with the former requirement. In 

normal experimental conditions the choice of one of the above 

requirements will depend on the type of measurement to be 

made. But in actual Compton profile measurements, it is a 

general practice as to find the best compromise between the 

requirements of high resolution and high statistical accuracy. 

   (3) High signal-to-noise ratio. This last requirement is based on 

the fact that, a poor signal-to-noise ratio will affect the Compton 

profile in two ways: (i) the data will contain noise and therefore 

negatively reflects its quality; (ii) background subtraction will be 

unreliable at larger values of electron momentum as the signal-to-

noise ratio drops to 1:1. This will also affect normalisation. 

However, high signal-to-noise ratio can be achieved using an 

effective radiation shielding for the detector and the experimental 

set-up should be constructed in such a way that a reliable 

independent background measurement can be carried out.  

 

Energy Limitations: Perhaps the most important single factor 

in the Compton scattering technique is the choice of the 

radiation source with regard to its energy and intensity. In fact, 

this choice will have a great effect on specifying the scatterers 

to be studied and the overall design of the experimental set-up. 

The selection of the appropriate photon energy in studying a 

typical scatterer by means of Compton scattering techniques is 

influenced by the requirement of the impulse approximation 

(see [7]), and practical consideration of intensity. The validity 

of the impulse approximation requires that the energy transfer 

to the electron in a Compton scattering event be large 

compared to the electron binding energy. To ensure the validity 

of the impulse approximation, Compton profile measurements 

have been limited to low Z-materials at low photon energies 

and the extension to high photon energies has permitted 

measurements to high Z- materials. 

       A typical x-ray Compton scattering spectrometer involves an 

x-ray tube with a Mo target; soller slits collimators, analysing 

crystal and scintillation counter. The incident x-ray beam is 

collimated using source Soller slits. The inelastically scattered 

beam through a fixed angle is analysed using Bragg spectrometer 

and detected by a NaI scintillation counter. The most common x-

rays tubes radiation used for Compton profile measurements are 

the characteristic K x-rays of Mo (17 KeV), Ag (22.2 KeV) and 

W(60 KeV).  

A typical gamma ray Compton spectrometer is made up of a 

Compton source placed in a lead block, an evacuated scattering 

chamber, and a detector. The practical considerations of 

intensity, resolution and background dictate a scattering 

geometry with a scattering angle as high as possible, being 

consistent with adequate shielding around the source and no parts 

of the scattering chamber illuminated by the source except the 

sample are seen by the detector. The counts are amplified, 

converted to a digital format (ADC), and recorded as a function 

of energy in a multichannel analyser (MCA). The most 

commonly used gamma-ray sources for Compton scattering 
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measurements are: 241-Am source (half-life of 458 years).With a 

principle transition line at 59.54 KeV and a much less intense 

line at 26.36 KeV. The 198-Au source (half-life of only 2.7 

days), has a primary line at 412 KeV and is produced by a small 

strip of gold foil activated by neutron capture on 197-Au. The 

137-Cs source (half-life of 30 years) is a fission product that is 

available at moderate cost and which has a single transition line 

at 661.62 KeV.  

However, before the data can be interpreted, a series of energy 

dependent corrections have to be applied [24]. In this paper an 

outline of the data corrections is presented and the background, 

detector response function, geometrical broadening and source 

broadening function corrections are discussed. The order of 

data corrections is illustrated schematically in figure 5. The 

order of data corrections is illustrated schematically in figure 5. 

 

Background Subtraction M(ω)- B(ω) 

 

Deconvolution of 

resolutionfun. function 

           R(ω) 

 

Deconvolution of 

geometrical broadening 

function 

          G(ω) 

 

Deconvolution of source 

broadening function 

            S(ω) 

 

Detector efficiency 

correction 

            E(ω) 

 

Sample absorption 

correction 

            A(ω) 

 

Ribberfors cross section 

correction 

              C(ω) 

 

Initial normalization                 N 

 

Multiple scattering 

correction 
              Jmultiple (pz) 

 
Final normalization               N 

 
Final experimental Compton 

profile 
                J(pz) 

 

Figure5. Flow chart of the data reduction procedure used to 

extract the Compton profile J(pz) from the measured energy 

spectrum, M(ω).  
 

Figure 6 shows the difference between the APW calculation of 

[30], and the experimental Compton profile of tungsten. The 

experimental profile was convoluted with 0.60 a.u. to mimic 

the experimental resolution and normalized to the same area. 

(1a.u. of momentum is 2.0x10
-24

 kg m s
-1

). As can be seen from 

figure 6 there is a significant difference between the APW 

calculation and the experimental result. The most obvious 

feature of this comparison is the excess of electron momentum 

density for the APW calculation at low momenta (pz < 1 a.u.). 

The difference between the APW calculation and the 

experimental profile amounts to 7.3% at J(0). On the other 

hand the APW calculation appears to underestimate the 

electron momentum density at the intermediate momenta (1.0 

a.u. < pz < 3 a.u.). However, above 3 a.u. the APW calculation 

is in good agreement with experiment. 

 

Figure 6: The difference between the APW theory and 

experimental Compton profile of tungsten measured with 662 

KeV radiations 

 

The discrepancies between APW calculation and experiment 

were attributed to some non-local exchange-correlation effects 

and the spin-orbital interaction effect. All these effects were 

neglected in the APW calculation of [30]. The non-local 

exchange-correlation effects which are not included in the local 

density approximation may affect the electron momentum 

distribution since the delocalization of the d electrons was 

shown to increase from V to Ta (see [31]). The spin-orbital 

interaction has been investigated through the Hamiltonian of 

H=ξl.s. by [32] and found that the coupling constant ξ to 

increase with the mass of the element and the average splitting 

of the d state. This implies that a correction of the spin-orbital 

interaction for Compton profile may appear larger with an 

increase of the mass of the element. This may well be applied 

to the case of tungsten. In a recent work on tungsten, [33], have 

suggested that the spin-orbital coupling may affect the Fermi 

surface and hence the electron momentum distribution. All 

these effects were neglected in the APW calculation of [30]. 

Therefore, the non-local exchange effect and the spin-orbital 

interaction correction are necessary to correct the band 

structure theory to bring it closer to experiment 

       The problem of bremsstrahlung background (BB) in 

association with Compton profile measurement was based on 

an interpretation that photoelectrons and Compton recoil 

electrons may introduce an extra background as the 

consequence of the rapid deceleration of an electron in the 

electric field of an atom in the target. This BB, could extend to 

the energy region of Compton spectrum. Because these 

electrons have high kinetic energy, another concern was raised 

that they may reach the detector and affects the measurement. 

This problem has been raised by [34] that the discrepancy 

between their experiment and theory was attributed to 

bremsstrahlung radiation. Calculations of photoelectron 

bremsstrahlung to Compton scattering cross section ratios were 

(by the author) extended to a wide range of atomic number (up 

to Z=92)[35]. This is shown in     figure 7. It can be seen from 

the figure7 that the photoelectron bremsstrahlung to Compton 

cross section ratios are less than 0.03% for atomic number up 

to Z=92.These calculations have shown that the bremsstrahlung 

contribution to Compton spectra is very insignificant and the 

discrepancies between [34] experiment and theory were not 
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attributed to bremsstrahlung radiation but was found (by the 

author) to be due to errors in data analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Bremsstrahlung to Compton cross section ratios as a 

function of atomic number Z for an incident photon of energy 

662 KeV [34]. 

 

Since 1970 Compton profile measurements have become more 

frequent and the experimental results for many Z-elements 

reported in the literature [25-29] have been quoted to an 

accuracy of better than 1% for the total profiles and about 1/4 

% for anisotropy measurements. This experimental accuracy 

has mainly been achieved from the use of γ-ray sources in 

conjunction with solid state detectors (SSDs) and multi-channel 

analyzers required to detect and record the Compton scattered 

energy spectra and is expected to improve further when SSDs 

of high resolution and efficiency become available. 

4. Discussion and Conclusions: 

       Compton scattering is a technique for determining the 

momentum distribution of electrons in condensed matter. The 

objective of this paper is to present the Compton scattering 

theory to researchers generally unfamiliar with this 

phenomenon and to lead the researchers to understanding of the 

fundamental principles of the Compton Scattering Theory. The 

main primary purpose of this paper is to show how the 

Compton profile J (pz) given by equation (1) can be extracted 

from the measured double scattering cross-section, following 

the explanation of the Compton effect and the consequent 

development of the Compton scattering theory which have led 

to an interpretation of the experimental results in terms of the 

electronic wave functions of the scattering system. Despite 

the reasonable resolution of the present gamma-ray 
Compton spectrometers, comparison between experimental 

data and the theoretical model can be made and the 

discrepancies can be revealed and distinguished. 

Today the Compton scattering is acknowledged as an 

important technique for investing the electronic structure of 

materials; it provides a sensitive test for the accuracy of the 

resulting electron wave functions obtained from different 

theoretical models. This has been demonstrated in view of the 

Compton scattering experiments successfully performed over a 

wide range of incident photon energies (10 - 662 KeV) used in 

various Compton spectrometer systems distributed around the 

world. 
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