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Polarization into Geant4

Motivation

Geant4:

» is a toolkit for the simulation of the passage of particles
trough matter

Why do we study polarized interactions?
» Target studies
i.e. if a polarized beam hits a target
» Polarimetry
i.e. if polarization causes observable azimuthal correlations
Where can we study polarized processes?
» Polarized Positron source for an International Linear Collider
» Demonstration experiment E166 at SLAC
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Existing Monte Carlo codes

Existing Monte Carlo codes

» EGS, polarization extension by K. Flottmann
» considers polarization transfer only
» simulates Pair production, Bremsstrahlung, Compton
> suitable for target studies
» Geant3, polarization extension by P. Schiiler
» concentrates on asymmetries
> simulates Bremsstrahlung, Compton (polarized target)
» suitable for compton polarimetry
> Geantd
> low-energy Compton scattering of linear polarized photons
» Geant4, new polarization extension

» aim for a complete treatment polarization
» polarization transfer and asymmeteries
» suitable for polarimetry and target studies
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Existing Monte Carlo codes

TARGET Diagnostics (Polarimetry)
Gammas: Cross sections polarization dependent

GammaConversion *Compton Scattering +
*Bhabha Scattering

*Moller Scattering

*Positron annihilation in Flight

*ComptonScattering ~a

*PhotoElectricEffect
Electrons and Positrons:
*MultipleScattering

+Ionization

*Bremsstrahlung

Polarization tracking
(depolarization effects ?)
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MAGNETIC FIELD: } < S 0.5 X0 W (Tungsten) > E166
X0 W (Tungsten) = 3.5 mm
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Stokes parameter

G. Stokes, Trans. Cambridge Phil. Soc. 9 (1852) 399
Stokes parameter

Wave function :
\I/(a:,t) =a1¥1 + as¥y

Jones vector :

9 9 . aj . 1 0
|a1|” + laz]” =1 a=1 4 Ul_(o —1)
Spin density matrix : 2=\ 1 0
ajal  ara; 1
=a®a" = ; S l==(1+¢&o —i
P < aay  a2a5 2( £o) o3 = ( ? OZ )
Stokes parameter : &
5 = £2 = aTO'a
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Matrix formalism

. . W. H. McMaster, Rev. Mod. Phys. 33 (1961) 8
Matrix formalism

[¢)-r(e)

Transformation Matrix :

» Differential cross section
S A Ay Az

P My Moy Mz

Py My Moy Mso » Polarization

Py My Mss Msg » Depolarization and
polarization transfer

» Asymmetry
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Implementation into Geant4

Implementation into Geant4

G4Dynani cParticl e

thePol ari zati on

(AVDi scr et eProcess

Post St epDol t ()

G4VPhysi cal Vol une

Geant4

status:

» particle polarization exists

> no

> no

Andreas S icke

material polarisation

polarized processes

AVCont i nousDi scret eProcess

Al ongSt epDol t ()

Post St epDol t ()

(AVRest Di scret eProcess
At Rest Dol t ()
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Implementation into Geant4

Implementation into Geant4

G4ADynani cParticle

thePol ari zati on

G4VPhysi cal Vol une

Geant4

status:

» particle polarization exists

> no

> no
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material polarisation

polarized processes

AVDi scr et eProcess

‘ GAConpt onScatt eri ng

GAGammaConver si on

AVCont i nousDi scret eProcess

‘ Gdel oni sation

‘ GdeBrensstrahl ung

GAMul ti pl eScattering

(AVRest Di scret eProcess

‘ Ghepl usAnni hil ation
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Implementation into Geant4

Implementation into Geant4

G4Dynani cParticl e AVDi scr et eProcess ‘

thePol ari zati on ’ Pol ari zedConpt onScattering

Pol ari zedGammaConver si on ‘

(AVCont i nousDi scret eProcess ‘

G4VPhysi cal Vol une

’ Pol ari zedl oni zat i on ‘

Add Pol ari zat i onManager ‘

’ Pol ari zedBr ensst r ahl ung ‘
[
St okesVect or ‘ Pol ari zedMul ti pl eScattering ‘

(AVRest Di scret eProcess ‘

’ Pol ari zedepl usAnni hi |l ati on
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Compton scattering

Compton scattering — Asymmetry

‘2103— Py - P =+1
[J) F
N P, P.=-1
- Py'Pe—O
102:—
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Compton scattering

Compton scattering — Asymmetry

‘2103_— Py Pe=+1
A P, -P.=-1
C P,-P.=0
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Compton scattering — Polarization transfer

0.5

0 2 4 6

Andreas Schilicke

E,/ MeV

P -Py=+1
P -P,=-1
P -P,=0
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Compton scattering

Compton scattering — Polarization transfer

[ P -P=+1

0.5 single scattering
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Compton scattering

Compton scattering — Polarization transfer

P Py,=+1

multiple scattering
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Pair production
Pair production
Mzé Positron Polarization at the creation state ]
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Pair production

Pair production

] F
s r
016/
o1af
012:, Positron Polarization at the creation state |
5 o i
E 2 0.8 o
0.08- b E T
= e
£ 2060 L
0,08 Dbt Lot e F E . ‘,,P
1Tz 3 4 5 6 8 9 1 E
energy E [MeV] = 04— A
‘JW
¢'I"
it
H .
2 A
2 os[-
g r
£ [
o~
ok M BT I R B EEPE
£ 2000 4000 6000 8000 10%00 1?\})00
L e+ Energy ke
A
T T N T TV T T
12 3 4 5 6

8 9 10
energy E [MeV]

Andreas Schilicke DESY Zeuthen

Polarization in Geant4



Applications

Pair production

Pair production
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Summary & Outlook

» Continue the implementation in Geant4

> using matrix formarlism
» first concentrate on E166 needs

» Carefull test of routines

» checks with analytic formulas

» comparison with EGS (polarisation transfer)
» Application to physics studies

» analysis of E166 data
» study of ILC polarimetry

G4 polarization group:
R. Dollan, K. Laihem, T. Lohse, S. Riemann, A.S., A. Stahl, P. Starovoitov
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