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 A typical scheme for conducting experiments on the scattering of protons, neutrons and light nuclei 

(for example, alpha particles) is shown in Figure 1.1. A narrow beam of accelerated particles with 

energy E0 (in a laboratory system) falls on a thin plate (or a thin layer of liquid, for example, 

liquefied gas) of the target. The number of beam particles passing through a unit area every second 

is called the flux density 𝑗0. 

 
Figure 1.1. Schematic representation of particle scattering [1]. 

 A particle colliding with one of the atomic nuclei of the target is deflected by an angle θ and is 

detected by a detector located at a distance L from the target and having an area of the detecting 

surface ΔS. The detector used makes it possible to identify the registered particle and measure its 

energy. Thus, only elastically scattered particles can be distinguished among the registered products 

of nuclear reactions. If every second a detector mounted at an angle θ registers ΔN scattered 

particles, then the ratio [1] 

                         
ⅆ𝜎

ⅆ𝛺
(𝜃) =

∆𝑁

𝑗0∆𝛺
                 (1.1) 

 It is called the differential cross section of elastic scattering (example in Fig. 1.2) and is expressed 

in units of bn/cp, 1 barn is equal to: 1 b = 10−24𝑐𝑚2. For charged particles, the ratio of the elastic 

scattering cross section to the Rutherford scattering cross section in the Coulomb field is often 

calculated (excluding nuclear forces) 

ⅆ𝜎

ⅆ𝛺
(𝜃)/

ⅆ𝜎𝑅𝑢𝑡ℎ

ⅆ𝛺
(𝜃) =

ⅆ𝜎

ⅆ𝜎𝑅𝑢𝑡ℎ
(𝜃)      (1.2) 

 Rutherford's formula for the elastic scattering cross section of particles with charges Z1e and Z2e 

(interacting only by Coulomb forces) in the center of mass system is obtained within the framework 

of classical mechanics, but remains valid in quantum mechanics [2] 

ⅆ𝜎𝑅𝑢𝑡ℎ

ⅆ𝛺
(𝜃𝑐.𝑚.) = (𝛿

𝑍1𝑍2𝑒
2

4𝐸𝑐.𝑚.
)2𝑠𝑖𝑛−4𝜃𝑐.𝑚./2         (1.3) 

 here, 𝐸𝑐.𝑚. is the energy in the system of the center of mass of the particles 

𝐸𝑐.𝑚. = 𝐸𝑙𝑎𝑏(1 +𝑚1/𝑚2)           (1.4) 

 𝐸𝑙𝑎𝑏 - is the kinetic energy of a particle of mass 𝑚1 colliding with a stationary particle of mass 𝑚2. 

The value of the constant δ depends on the choice of the system of units: δ=1 in the system of units 

of measurement and δ=1/4π𝜀0 in the SI system, and the value of a dimensionless quantity is the 

same in any system [3]. 
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𝛿
𝑒2

𝑥0𝐸0
≈ 1.44         (1.5) 

 here, E0 = 1 MeV, 𝑥0 = 1 fm. In calculating the Rutherford cross-section in units of [mb/cp], for 

energy expressed in units of [MeV] Ẽ𝑐.𝑚 = 𝐸𝑐.𝑚/𝐸0 is convenient to use expressions 

(𝛿
𝑍1𝑍2𝑒

2

4𝐸𝑐.𝑚.
)2 = 𝑥0

2(𝛿
𝑒2

𝑥0𝐸0

𝑍1𝑍2

4Ẽ𝑐.𝑚.
)2 = 10𝑆0(1.44

𝑍1𝑍2

4Ẽ𝑐.𝑚.
)2  (1.6) 

ⅆ𝜎𝑅𝑢𝑡ℎ

ⅆ𝛺
(𝜃𝑐.𝑚.) = 10𝑆0 (1.44

𝑍1𝑍2

4Ẽ𝑐.𝑚.
)
2

𝑠𝑖𝑛−4𝜃𝑐.𝑚./2 [𝑚𝑏/𝑎𝑣𝑔]  (1.7) 

 where 𝑆0 = 1 𝑚𝑏 = 10−27𝑐𝑚2. An example of comparing the experimental  

differential cross section with the Rutherford cross section is shown in Figure 1.2. 

Figure 1.2. Comparison in the NRV knowledge base of the differential cross section of elastic 

scattering of 𝐿𝑖6 nuclei on 𝐿𝑖6 nuclei with the Rutherford cross section (1.7), (1.8) in the Coulomb 

field for energy in the laboratory 𝐸𝑙𝑎𝑏=10 MeV system. 

 When identical particles collide at an 𝜃 angle, either a projectile particle or a target particle can be 

registered, while their trajectories diverge at right angles. In classical mechanics [2] 

ⅆ𝜎𝑅𝑢𝑡ℎ
(2)

ⅆ𝛺
(𝜃) =

ⅆ𝜎𝑅𝑢𝑡ℎ

ⅆ𝛺
(𝜃) +

ⅆ𝜎𝑅𝑢𝑡ℎ

ⅆ𝛺
(𝜋 − 𝜃) = (𝛿

𝑍1𝑍2𝑒
2

4𝐸𝑐.𝑚.
)2(𝑠𝑖𝑛−4𝜃/2 + 𝑐𝑜𝑠−4𝜃/2)  (1.8) 

 In the quantum description, identical particles are considered indistinguishable (identical), after the 

collision it is impossible to answer the question which of the registered particles was falling and 

which was stationary before the collision, therefore the expression for the section differs from the 

classical expression (1.8). However, at low speeds, the scattering intensity between any two angles 

tends to the classical limit due to the mutual compensation of fast quantum oscillations in quantum 

terms [4]. 

 With large collision target parameters and, as a consequence, small scattering angles, the minimum 

distance between the projectile particle and the surface of the target core exceeds the radius of action  
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of nuclear forces, and scattering is mainly determined by Coulomb repulsion (Fig. 1.2). Therefore, at 

small scattering angles, the ratio (1.2) is close to unity (Fig. 1.3). For large angles, the action of 

nuclear forces leads to a difference in the ratio (1.2) from unity and the appearance of maxima and 

minima in the angular distributions (Fig. 1.3b). Maxima in angular distributions are similar to 

diffraction maxima when light bends around obstacles (for example, a disk). They clearly confirm 

the wave nature of the movement of nucleons and light nuclei near the target atomic nucleus. 

             a                                                                               b 

Figure 1.3. Ratio of the elastic scattering cross section of 𝐿𝑖6  nuclei on 𝐿𝑖6 nuclei to the Rutherford 

cross section for energy in the laboratory system 𝐸𝑙𝑎𝑏= 10 MeV (a) and 40 MeV (b). Angles in the 

center of mass system (cm) [5].  

Calculations of elastic scattering cross sections 

 Figure 1.3. Experimental data for elastic scattering of 𝐿𝑖6 nuclei on 𝐿𝑖6 nuclei with energy 𝐸𝑙𝑎𝑏= 40 

MeV  
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Figure 1.4. 

 

Figure 1.5. 



338 

 

 

Figure 1.4; 1.5; 1.6; Data entry form for calculations of elastic scattering of 𝐿𝑖6 nuclei on 𝐿𝑖6 nuclei. 

 

 Figure 1.8. Partial waves with orbital quantum numbers L = 0, 10, 20 (right) and the dependence of 

the partial S-matrix on L for elastic scattering of 𝐿𝑖6 nuclei on 𝐿𝑖6 nuclei with energy 𝐸𝑙𝑎𝑏= 40 

MeV. 

Figure 1.7. The ratio of the differential 

cross-section of elastic scattering to the 

Rutherford cross-section of 6Li nuclei on 

𝐿𝑖6 nuclei at an energy of 40 MeV. The 

curve corresponds to the calculation within 

the optical model, the points are 

experimental data (see Fig. 1.7). 
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 Figure 1.9. Probability density |𝜓𝑘(𝑟)|

2 for elastic scattering of 𝐿𝑖6 nuclei on 𝐿𝑖6 nuclei with 

energy 𝐸𝑙𝑎𝑏= 40 MeV, the Oz axis coincides with the direction of the initial velocity of the projectile 

particle. 
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