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ChargedParticle Interactions

Stopping and Range Tables for Charged Particles

J.F. Ziegler (IBM&J.P. Biersack (HMI))
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ChargedParticle Interactions

Main | nteractions of Charged Particles

Atomic excitation

Dominant type of interaction: jonization
Inelastic collisions with electrons :> fluorescence

phosphorescence

Collisions with nuclel :

2 2 —-26 2
Onucl _ ”Rnucl NZ -10 cm

~7%2.101% ~107°°

Most interactions of charged particles with material components
occur with atomic electrons.

Nuclear collisions are noticeable only at low kinetic energies.
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ChargedParticle Interactions

Multiple Scattering and Straggling

U lons, 60 keV, straggling in range and angle
- Target of layers ("absorbers” Be, Au, Si)
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ChargedParticle Interactions

Range and St opping Power

Scattering angle 6, path
L variable s

—--- S \ S - » Stochastic multiple
scattering process
produces straggling in

/\ range, energy loss, angle
9

Range (A)

Probab!lity

dE'
S

-1
; } .(cos §,) Range

R(E) = jds<cos 0, ) = EJ‘dE' [
0

dE
L’J St opping power
S(E) = IdsZR(E) Path length of trajectory
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ChargedParticle Interactions

Phenomenological Model Of Energy Loss in Matter

Bethe et al. (1930-1953), Lindhardt's electron theory
Describes energy loss t hrough ionization, incoming ions are
fully stripped

Estimate of trends/ Order of magnitude
E=particle kinetic energy, e ~ at rest

2
e/ 21
APe = Feour - Aty z( rzpj'(vj

2

(Ape)

2myg
CdE(r.x) _|47e'Zg |1
dr dx mev2 © I

—dE(r,x) ~[2zr dr dx Ng |-
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ChargedParticle Interactions

Phenomenological Model Of Energy Loss in Matter

| ntegrate over radial coordinate:

dE(x) :fmjaxdrdE(r,x)
dx e dr dx
min
42
_dE(x) _|47e7Zp ,In[rmaxj
dx meV2 © lmin

Estimate of radial limits: N, =e" density
L. = electronic wave length,
| E=Ionizat ion ener gy

(i 2 Ag = h/pe = hy1 - p? /mev

non — adiabatic motion
rmax/v <At :Te/Vl_IBZ :1/[\/1_182 <Ve>J

(ve)=1E [ h =average e~ orbital frequency
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ChargedParticle Interactions

Phenomenological Model Of Enerqgy Loss in Matter

2

Further: _dE_|27° Ng |-In 2MeV
1R h(ve)(1- A7)

dx
I nsert: p =atomic density, Z; =atomic number of target

Ne=2Z1-p
d —_éggé
_ - A P e
"Aee_._____é'_
(12-Z7y +7)eV for Z; <13

|E=h@9z{

(9.76 - Z; +58.8-7;%1%)eV for z; >13
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ChargedParticle Interactions

Bet he-Bloch Equat ion

Quant um mechanical calculation (f or heavy particles M»m,):

— 2 B?

MeV

g/cm?

p =atomic density

Z; =atomic number of target

A; = mass number of target

IE=h{v,) » {(12'ZT vr)ev

W. Udo Schroder,2003

for Z; <13

(9.76 - Z; +58.8-7;°19)eV for Z; > 13



11

ChargedParticle Interactions

v

St opping Power | sotopic Scaling Laws
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6 , 8 10
ENERGY (MeV/amu) e 2

2

1
R(V)zIdV(dvj ~ Ap -h(V)

dx E
Describes well the dif f erence

of R for different isotopes of a
given element, but:

—2:0.12
Zp

R(Be)/R(Ar)=2.97 expt 4.67 theo

Zos ¥ Z, effective charge
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