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OPTICAL MODEL OF ELASTIC SCATTERING IN THE NUCLEAR REACTION VIDEO
(NRV) KNOWLEDGE BASE FOR Li® AND Li® INTERACTION
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1-year master's student of the Department of Nuclear Physics and New Materials, L. N. Gumilev
ENU, Astana, Kazakhstan
Scientific supervisor — N.Amangeldy

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 E, (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 j,.
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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 0 and is
detected by a detector located at a distance L from the target and having an area of the detecting
surface AS. 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 0 registers AN scattered
particles, then the ratio [1]

do gy _ BN
- (0= an (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 = 10~2*cm?2. 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)

22 (6)/ 7t () =

do

0 1.2
dURuth( ) (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]

an
here, E. ,,, 1s the energy in the system of the center of mass of the particles
Econ = Ejap(1 +mq/my) (1.4)

E;qp - is the Kinetic energy of a particle of mass m, colliding with a stationary particle of mass m,.
The value of the constant & depends on the choice of the system of units: 6=1 in the system of units
of measurement and 6=1/4ng, in the Sl system, and the value of a dimensionless quantity is the
same in any system [3].

B (G ) = (F 22D 25in 00 /2 (L)
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5=
here, E, = 1 MeV,x, = 1 fm. In calculating the Rutherford cross-section in units of [mb/cp], for

~ 1.44

xOE

(1.5)

energy expressed in units of [MeV] E.m = E..m/E, is convenient to use expressions

(6

ZIZZG

)=

x5 (8

62 Z1Zy
) E 4. m

22 = 10S,(1.44+

lez

%) (L6)

2
AoRuch (ecm) = 108, (1 44 le;) sin~6,,, /2 [mb/avg] (1.7)

where S, = 1 mb = 10 27¢m?. An example of comparing the experimental
differential cross section with the Rutherford cross section is shown in Figure 1.2.
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Figure 1.2. Comparison in the NRV knowledge base of the differential cross section of elastic
scattering of Li® nuclei on Li® nuclei with the Rutherford cross section (1.7), (1.8) in the Coulomb
field for energy in the laboratory E;,;,=10 MeV system.

When identical particles collide at an 8 angle, either a projectile particle or a target particle can be
registered, while their trajectories diverge at right angles. In classical mechanics [2]

(2)
“hn (g) = LR (9) + SR (1 — ) = (6 2222 (sin*0/2 + cos*6/2) (18)

In the quantum description, |dent|cal particles are conS|dered 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 Li® nuclei on Li® nuclei to the Rutherford
cross section for energy in the laboratory system E;,,= 10 MeV (a) and 40 MeV (b). Angles in the
center of mass system (cm) [5].
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Figure 1.3. Experimental data for elastic scattering of Li® nuclei on Li® nuclei with energy E,;,,= 40
MeV
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NRV: Optical Model

Elastic scattering of SLi + 6Li at E/A = 6.667 MeV
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Figure 1.5.
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Figure 1.4; 1.5; 1.6; Data entry form for calculations of elastic scattering of Li® nuclei on Li® nuclei.

Ao/ o g e

e ' ' ' ' Figure 1.7. The ratio of the differential
cross-section of elastic scattering to the
1 | Rutherford cross-section of 6Li nuclei on
Li® 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 1.8. Partial waves with orbital guantum numbers L = 0, 10, 20 (right) and the dependence of
the partial S-matrix on L for elastic scattering of Li® nuclei on Li® nuclei with energy E;,,= 40
MeV.
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Figure 1.9. Probability density |y, (r)|? for elastic scattering of Li® nuclei on Li® nuclei with
energy E,p= 40 MeV, the Oz axis coincides with the direction of the initial velocity of the projectile
particle.
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