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The Compton effect describes the scattering off quasi-free atomic

ompton scattering

electrons :

y+e— +¢

Each atomic electron acts as an independent cible; Compton effect

is called incoherent scattering. Thus:

cross section per atom = Z X cross section per electron

The inverse Compton scattering also exists: an energetic electron
collides with a low energy photon which is blue-shifted to higher
energy. This process is of importance in astrophysics.

Compton scattering is related to (e, e™) annihilation by crossing

Qfmmetry. /
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/kinematic \

Assuming the initial electron free and at rest, the kinematic is
given by energy-momentum conservation of two-boby scattering.
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energy spectrum

Under the same assumption,the unpolarized differential cross
section per atom is given by the Klein-Nishina formula [Klein29] :

)] e

k" energy of the scattered photon ; e =Fk"/k

do _7Tr2 A

where

r. classical electron radius

K k/mc?

N /
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total cross section per atom
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low energy limit

In fact, when £ < 100 keV the binding energy of the atomic
electron must be taken into account by a corrective factor to the
Klein-Nishina cross section:

do [da] ,
G0 _ L S
a7~ |k | e

See for instance [Cullen97] or [Salvat96] for derivation(s) and

discussion of the scattering function S(kk’).

As a consequence, at very low energy, the total cross section goes
to 0 like k*. It also suppresses the forward scattering.

At X-rays energies the scattering function has little effect on the

Klein-Nishina energy spectrum formula 1. In addition the Compton

/

‘EANT4 Tutorial October 25, 2006

scattering is not the dominant process in this energy region.
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/total cross section per atom in GEANT4

The total cross section has been parametrized [GEANT3] :

~

Z, k)= | P14
7(ZK) [ 1(2) K 1 + ak + bk? + ck?

where:
Kk = k/mc?

Pi(Z) = Z(d;+eZ+ f;7?%)

The fit was made over 511 data points chosen between:

1 <72 <100 ; k € [10 keV, 100 GeV]
The accuracy of the fit is estimated to be:
Ao ~ 10% for kK ~ 10 keV — 20 keV
0_{<56% for k> 20 keV

N

log(1 + 2k) N Py (Z)+ P3(Z)k + P4(Z)/<;2]

/
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Mean free path

Ak) = (Z Nati - 0(Zi, k))

Nati - 1b of atoms per volume of the i*" element in the material.

At initialization stage, the function BuildPhysicsTables ()
computes and tabulates :

for all elements

for all materials

/
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N

number of interactions per cm in Aluminium

10

10

10 10

Tables for GAMMA in Aluminium

COMP X-sec (1/cm)

5 4 3 2 1 2

10 10 10 1 10 10

10

photon energy (GeV)

~
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/sample the gamma energy \

The Klein-Nishina differential cross-section per atom is :

do - Mec? 7 F +€] [1 B esin29]
€

de k 1+ €?
k' 1 c 1 ]
€= — = —> € € |eg =
k14 k(1 —cosf) T 142k

we can factorize :

do [1+e] [1_“1“29]=f<e>-g<e>

de
where:

N ' Y,
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fi(e) and fy(€) are probability density functions on € € [eq, 1]

€
1+ €2

g(e) = [1 —

sin” 9] is a rejection function : 0 < g(e) <1

Given a triplet of random numbers {r,, 7y, 7.} uniform in [0,1] :

1. choose fi(€)gi(€) or fa(€)ga(€) with r, :
if r, < N1/(N7 + Na) select fi(e), else fa(e);

2. sample € from the distributions fi or fo with 7.
for f1:e=exp(—Nirp)
for fo:€? =¢€5+ (1 — i)y

3. calculate sin® @ = (2 — t) where t = (1 — €)/(ke)
4. accept/reject € with r. : if r. < g(€) accept €, else go to 1

N /
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compute the final kinematic

The function PostStepDoIt () samples ¢

After the successful sampling of ¢, the polar angles of the scattered
photon with respect to the direction of the parent photon are
generated :

0 is computed from €, ¢ is generated isotropically.

The momentum vector of the scattered photon, ﬁ, is transformed

into the global coordinate system.

The kinetic energy and momentum of the recoil electron are :

T, = k—F
P, o= k-F

N /
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v 10 MeV in 10 cm Aluminium:

Compton scattering

~

RUN NR 1 RUN NR 1
WORL EVENT NR 16 12/9/0 WORL EVENT NR 13 12/9/0
e_ -
— - e
Y
lcm lcm
— —

N
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v 10 MeV in 10 cm Aluminium: Compton scattering

RUN NR 1

RUN NR

1

WORL EVENT NR 2 12/9/0 WORL EVENT NR a 15/9/0
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Compton scattering : v 10 MeV in Aluminium. Compton edge:
energy spectrum of scattered photon (left) and emitted e~ (right)
F D 1 F D 2
700 = Entries 9058 700 - Entries 9053
L Mean 3.178 L Mean 6.824
i RMS 2.903 L RMS 2.84|
600 — 600 |
500 f 500 |
400 7 400 |
300 f 300
200 — 200 |
100 f 100 |
T T S e T T S e
Compton. gamma energy after scattering (MeV) Compton. electron kinetic energy (MeV)

N /
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transfer, scattering, attenuation

Only a fraction of the energy of the incident photon is transferred
to the recoil electron, which is generally stopped into the material.

The mean kinetic energy of the electron is :

1 & do
T = — T — dk’
Tw) = o [T

Then the energy transfer coefficient of Compton scattering is

defined as

(T'(k))
k

(nat is the nb of atoms per Volume)

Htr = Nat O-(k>

Htr
P

N /

‘EANT4 Tutorial October 25, 2006

is the mass energy transfer coefficient.
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Similar, from the mean energy of the scattered photon one defines

the energy scattered coefficient of Compton scattering

1 & d K/
<k/> ~ o(k) // K d_]:’ dk’ — MHsca = Nat U(k) Q

min

The attenuation coefficient of Compton scattering is

def
Hatt — nata(k) = HUtr + Hsca

and similar relations for the mass coefficients.

N /
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Rayleigh scattering

Rayleigh scattering is the scattering of photons by an atom as a
whole : all the electrons of the atom participate in a coherent

Imanner.

It is an collision: no energy transfer from photon to atom

(no ionisation nor excitation).

At x-rays and v-rays energy region, Rayleigh scattering is small
compared to the photo electric effect, and can be generally

neglected.

N /

‘EANT4 Tutorial October 25, 2006




Compton scattering 18-1

References

[Klein29] O.Klein and Y.Nishina Z.Phys.52,853 (1929)

[Cullen97] D.Cullen et al. Evaluated photon library 97, UCRL-50400,
vol.6, Rev.5 (1997)
J.H.Hubbell et al. Rad. Phys. Chem. vol50, 1 (1997)

[Salvat96] F.Salvat et al. Penelope, Informes Técnicos Ciemat 799,
Madrid (1996)

|GEANT3] GEANT3 writeup, Cern Program Library (1993)

GEANT4 Tutorial October 25, 2006



