Interaction of Nuclear Reaction With matter

¢

\arious Particles employed in nuclear. Reactions:
1) e. m. radiations
2) charged particles : further divided into two categories
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¢ a) Interactlon of heaVIIy charged partlcles I|ke protons, o partlcles

S) neutron raciations




Bohr’s formula for stopping Power

¢ Processes involved :
Excitation
¢ lonization
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Range of Charged Particles

¢ The distance travelled by a charged particle when it is moving through a medium
before It comes to rest Is called its range.

¢ R=F?

* Bethe Bloch Formula not valid for: Electrons
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Electrons Witn nign energy. radiate energy In the torm- ot xXtrays.

Collisionioetween identical particiesinyvolVve energy excnange prenomenon.

Patiielielectronisirreguiaraoe toNISHESS Mmass:




Interactions of light Charged particles with matter

Interaction of electrons with matter

Small energy (eV to keV) - Scattered Elastically.
Medium energy: : Inelastic scattering by atomic Electrons
High Energy : Inelastic scattering by Nucleus

\ery High Energy : Nuclear Excitation




Bremstrahlung

¢ Means : Braking radiation

¢ Energy radiated per unit time in the form of e.m radiation when a charged particle
IS moving with a very high speed.

¢ Electrons suffer radiative collision with atomic nucler of the material through which

they pass
e.m radrati
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Interaction of positron with matter

Slowing down of positron due to collisions.
Interaction of positron with an electron.
[Disappearance of two particles.

Tiwo rays of energy 0.511 MeV are produced and the two photons move in
Opposite directions.

inihilation radiation :
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Parallel’spins & inree pnotons at an angle of: 120°
Anti=Parallel spIns = Iwao pnotonsiataniangie ofilc0®




Multiple Coulomb scattering

Deviation of path due to single scattering.
Probability of: coulomb scattering of charged particle.
[-arge number of multiple coulomb scattering.

Angle ofi scattering may. be large or. small.
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Interaction of gamma rays with matter

1) Photoelectric effect: Gamma rays striking are absorbed and an electron Is
liberated.

2) Compton scattering: An electron and'a photon Is liberated after absorption.

3) Pair_production: After absorption of gamma ray. an electron and a positron of
energy. 0.511MeV/. each Is liberated in opposite directions.

ADSorption ofigammea rays

[Decrease In Intensity, When they are passed through matter.
[DEcrease due to three previousiy descrined abserption metnods;
[DECreasenntensity, proportonal torthe thickness ofthelayer:
[DECreasenntensity proportonal torthe origmalintensity:




Incident Photon

Incident Photon

Incident Photon




¢ Linear absorption Coefficient

¢ Reciprocal of the thickness of the medium required to decrease the intensity. of
gamma ray beam to 1/e times the original intensity.

¢ It has units of cm or. m
¢ Intensity decreases exponentially with the thickness “x* of the medium.

VIass asorption Coeincient
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¢ Half - I ife Tihickness

| =1,

& Thickness of the material required to decrease the intensity of incident gamma ray.
to half the original value.

¢ [Denoted by Xy,
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Gamma Energy (MeV]



http://en.wikipedia.org/wiki/File:Gamma_Abs_Pb.png

Pair Production

Occurs at energy more than 1.02 MeV.

Pair of positron and electron Is produced.

IMove In opposite direction at an angle of 180°.

Explained from Dirac’s wave equation.

Transitions from negative to positive energy states are possible when sufficient
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AN electron c m,),},m dnd a positivVe energy Nole appears corresponading to: a
positron.







Distinction between y rays and X-rays

¢

y-rays are produced by radioactive emission, while X-rays are produced when a
transition takes place from higher to lower energy level.

y-rays Is a nucler process, while X-rays Is an atomic process.

\Wavelength of y.ray is less then X-ray.

Penetrating Power of y-ray. Is higher then X-ray.

y-rays are monochromatic while X-rays are hard, medium and'soft.

XA=rays proguce photoelectric effect ana Compton scattering, Wnile y=rays proauce
PNOLOEIECTRIC; CompPLen and pair proauction.:
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