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Basic physics concepts include:

»Energy loss of charged particles in matter

»Interaction of charged particles with target nuclei




The problem of energy loss

« How does an energetic charged particle (a point charge) lose energy to the
guantized electron plasma of a solid (inelastic energy loss)?

« How do you incorporate into this interaction simultaneous distortion of the
electron plasma caused by the particle (target polarization)?

e How can you extend the point charge -plasma interaction to that for a finite
moving atom in a plasma?

 How do you estimate the degree of ionization of the moving atom and describe
its electrons when it is both ionized and within an electron plasma?

* How do you calculate the screened Coulomb scattering of the moving atom with
each heavy target nucleus it passes?

» How do you include relativistic corrections to all of the above?

Bohr (1915)! — (binary collisions and energy transfer to harmonic oscillators)
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Bethe-Bloch Equation (after 20 years) was based on three assumptions:
1) The ion is fully stripped (> 1 MeV/nucleon)

2) The ion moves faster than the target (orbital) electrons

3) The ion is much heavier than the target electrons
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The relativistic version of the Bethe-Block formula (1932):
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Corrections to the Bethe-Bloch formula:

» Difference between positive and negative ions, equally charged, with the same
energy and velocity, in the same medium (Barkas effect)

» Difference in the Z2 dependence of the stopping power (e.g. 1 MeV protons
vS. 4 MeV a=particles

» The density effect (3-7% at high energies)
» Gas vs. solid targets: Channeling perturbations

» Shell corrections (6%)
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Energy Loss of Alphas of 5.49 MeV in Air
(Stopping Power of Air for Alphas of 5.49 MeV)
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Muclear stopping dominates

vacuum | solid material

Sputtered ion
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What is happening in the case of compounds?

Hydrugen Stopping in Water Vapor and quuld'
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Range of Boron Ions into Silicon
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The phenomenon of ‘energy stragqling’

» Theory of Landau-Vavilov for thin
targets (non -Gaussian!)

» Theory of Bohr for thick targets
(modified by Chu&Yang)

End of range!
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A short introduction on the underlying physics:

1. What happens when a MeV-ion interacts with matter?

Conservation of energy and momentum in a head-on elastic collision between a
heavy particle of mass M and an electron of mass m yields:

AT =T (4m/M)

For a 5 MeV a-particle > 2.7 keV energy transfer to an electron leading to four

conclusions:

1. It takes many thousands of such events before the particle loses all its
energy.

2. In a glancing collision the heavy particle is deflected by a negligible angle .

3. Since the Coulomb force has infinite range, the particle interacts
simultaneously with many electrons and thus loses energy gradually but
continuously along its path

4. The energy needed to ionize an atom is ~10 eV. Thus, in the keV range

secondary electrons are produced.

What is happening when the enerqgy falls below the ionization limit???
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A short introduction on the underlying physics:

1. What happens when a MeV-ion interacts with matter?
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2 MeV a - particles in Silicon at normal incidence, 1000 events:
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2. What happens when a keV-ion interacts with matter?

1. It starts capturing electrons from the medium (its effective charge is
reduced).

2. It starts interacting with nuclei (or whole atom) rather than with individual
electrons.

3. The energy loss is predominantly ‘nuclear’ (but excluding any type of
nuclear reactions).

4. The trajectory is highly anomalous with large angle scattering prevailing
(i,e, multiple scattering effect).

5. The recoil nuclei can cause cascade events.
6. The damage in the material is maximized near/at the end-of-range.

7. The structure of the induced defects is usually quite complicated (Frenkel
defects, di-interstitial impurities, defect clusters etc.)

19
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2. What happens when a keV-ion interacts with matter?

a) 200 keV B-11 on a thin multilayer b) 60 keV U-238 on an ultra
thin multilayer structure

structure
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PRACTICAL EXERCISES USING SRIM:

1. How thick should a Si SSB detector be (at least), in order to stop and
record the full energy of 10 Me\ppothoisS?

2. What is the range of a-particles emitted from Po-2121(EESSRNB06 keV)imaigy
an?

3. Astudent puts a source of a-particles, typically Po -210 (E=5306 keV) im
front of a G-Niidd¢settor whitssewimadow ssaalteod finmcea KAl ;Si1,0,,H,,
p=2.82 glcm 3). The student discovers that only when the source-  digéattor
distance (with dry air in between) is 1.7 cm or less, the detector starts
counting. What is the thickness of the thin mica window?
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