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e’ ,e™) annihilation

4 N

(e*,e”) annihilation into two photons

et +em =yt
(need two v for momentum conservation, if the e~ is assumed to be

free).

Theoretically, (¢, e™) annihilation is related to Compton

scattering by crossing symmetry:
e incoming e™ «+ outgoing e~

e outgoing 7y <= Incoming -y
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e, e ) annihilation

/total cross section per atom

The cross-section formula of Heitler is used [Heitl54]:

The cross section decreases with increasing E.

The nonrelativistic limit is:

VA 2
oo (2, ) ~ 21

N

Zrr2 |y +4y+1 + 3
o(2,B) = 5 (VA1) -
E = total energy of the incident positron
vy = FE/mc
r. = classical electron radius
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annihilation
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N

Mean free path

)\(E) = (Z Nati O'(ZZ', E))

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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e, e ) annihilation 5

number of interactions per cm in Aluminium

Tables for POSITRON in Aluminium
C = ANNI X-sec (1/cm)
T
—1
10
—2
10
—3
10
—4
10 =
—5
10 =
—6
/‘O | S— \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L Lol
10°° 107° 107 1072 107 107" 1 10 10° 10°

positron kinetic energy (GeV)
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e, e ) annihilation 6

6inematical limits \

_|_

et e = Ya Y

The incident e has a total energy: E =T + mc?
The total available energy is: Eiot = E +mc? = E, + E

Let define the ratio of energy transfered to one photon (says v,) :

By _ E,
By T+ 2me?

€

Energy-momentum conservation gives :

ECanin B 1 [1 v — 1] Fymax B

v+ 1

€min —
Etot 2

Therefore the range of € is:

€ € [Eminy EmaX] — [Emim 1 — Emin]
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e, e ) annihilation

ﬁample the gamma energy

The differential cross-section is :

do(Z,e) Zmr? 1 27

de v—1 ¢ (v +1)2

The formula can be factorized :

do(Z,e)  Zmr:

1+ — €

N
2= TN () a0
where:
N = 1n<€max/€m1n)
1
fle) = N <
2y 1 1 2ve — 1
= |1+ —€— —|=1—-€e+
99 RS LA TS =N IR e Ve
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4 N

Given 2 random numbers 7,7 € [0, 1] :

e

€min

Tq
1. sample € from f(€) : € = €pmin |:€maxi|
2. reject e if g(e) <1y

Then the photon energies are :

E, =€ Eip by = (1 — 6) Eiot

The function PostStepDoIlt () sample € and compute the final

kinematic
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e, e ) annihilation 9

4 N

compute the final kinematic

Lets be 0 the angle between the incident e and ~,.

From the energy-momentum conservation :

1 % 1] e(y+1)—1
0= _— |T 2 —
cOS Pc[ tmet ] /2 -1

The azimuthal angle, ¢, is generated isotropically.

The momentum vector of the photons, P;a and P;b are computed
from the energy-momentum conservation and transformed to the

global coordinate system.
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4 N

The annihilation in fly is not the dominant process. Most of the

time the positron comes at rest and does a positronium with the

electron.

The positronium decays in two-photon (in 0.125 nanosec) or

three-photon state (in 142 nanosec.)

The function AtRestDolIt treates this case. It generates two
photons with energy E. = mc?. The angular distribution is

isotropic.

The (e*,e™) can also annihilate in a single photon: the other
photon is absorbed by the recoil mucleus. However this mechanism

is suppressed by a factor a*.
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4 N

e

e’ 30 MeV in 10 cm Aluminium. Annihilation in fly (left), at rest (right).
WORL E\l/JENNT mg é 121910 WORL FE‘\l;’E\‘NT HE é 121910
y‘.
Y|
oy
v
lcm lcm
— —
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