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Lit er at ur e/ Tut or ials

James Ziegler
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St opping and Range Tables f or Char ged Par t icles 

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

http://www.srim.org

Older Lit er at ur e: Huber t et al., Ann. De Physique Suppl.5, 1 (1980)
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Main I nt er act ions of Char ged Par t icles

Dominant t ype of int er act ion: 
inelastic collisions with electrons

Atomic excitation 
ionization 
fluorescence 
phosphorescence

Collisions with nuclei :

nucl nucl

atom Z

R Z cm
Z

a cm

2 2 26 2
2 10 6

2 16 2

10
10 10

10

Most int er act ions of char ged par t icles wit h mat er ial component s 
occur with atomic electrons.

Nuclear collisions ar e not iceable only at low kinet ic ener gies. 
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Mult iple Scat t er ing and St r aggling

U ions, 60 keV, straggling in range and angle 
Tar get of layer s ( absor ber s Be, Au, Si)

Pr
ob

ab
ili

ty

Range (Å)

Range is diffuse: 
Range st r aggling
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Range and St opping Power

Pat h lengt h of t r aj ect or y

1

0

E

s s
dE'

R( E) ds cos dE' cos
ds

Range

S( E) ds R( E)

Scat t er ing angle s pat h 
var iable s

St ochast ic mult iple 
scat t er ing pr ocess 
pr oduces st r aggling in 
r ange, ener gy loss, angle

dE
ds St opping power

Pr
ob

ab
ili

ty

Range (Å)

s
sds
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Phenomenological Model Of Ener gy Loss in Mat t er

Bet he et al. (1930-1953), Lindhar dt s elect r on t heor y 
Descr ibes ener gy loss t hr ough ionizat ion, incoming ions ar e 
f ully st r ipped

Est imat e of t r ends/ Or der of magnit ude 
E=par t icle kinet ic ener gy, e- at r est

2
p

e Coul coll 2

2
e

e
e

4 2
p

e2
e

e Z 2r
p F t

vr

p
dE( r , x ) 2 r dr dx N

2m

4 e ZdE( r , x ) 1
N

dr dx rm v

r

dx

elect r on 

shell

dr
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Phenomenological Model Of Ener gy Loss in Mat t er

I nt egr at e over r adial coor dinat e:
rmax

rmin

4 2
p max

e2
mine

dE( x ) dE( r , x )
dr

dx dr dx

4 e Z rdE( x )
N ln

dx rm v

Est imat e of r adial limit s: Ne = e- densit y 

e = elect r onic wave lengt h, 
I E=ionizat ion ener gyr

dx

elect r on 

shell

dr

2
min e e e

2 2
max coll e e

e

r h p h 1 m v

non adiabat ic mot ion

r v t T 1 1 1

I E / h average e orbital frequency
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Phenomenological Model Of Ener gy Loss in Mat t er

Fur t her :
4 2 2

p e
e2 2

e e

4 e Z 2m vdE
N ln

dx m v h 1

I nser t : = at omic densit y, ZT = at omic number of t ar get

Ne = ZT ·

4 2 2
p e

T2 2
e

e Z 2m v1 dE
4 Z ln

dx m v I E 1

T T
e 0.19

T T T

(12 Z 7) eV for Z 13
IE h

(9.76 Z 58.8 Z ) eV for Z 13
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Bet he-Bloch Equat ion

Quant um mechanical calculat ion (f or heavy par t icles M»me):

= at omic densit y

ZT = at omic number of t ar get

AT = mass number of target

2
2 2
p 2eT
2 22

T

Z 2m cZ1 dE MeV
0.1535 ln 2

dx A g cmI E 1

T T
e 0.19

T T T

(12 Z 7) eV for Z 13
IE h

(9.76 Z 58.8 Z ) eV for Z 13
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St opping Power I sot opic Scaling Laws 

2
p

p
p

2
p

p

1
p
2
p

d m v 2dE E
Z f

dx dx A

Zdv
g v

dx A

Adv
R( v ) dv h v

dx Z

p
2
p

A
0.56

Z

p
2
p

A
0.12

Z

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

Zeff Zp effective charge

Descr ibes well t he dif f er ence 
of R for different isotopes of a 
given element, but:
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