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International Linear Collider
» luminosity £ =2-10%*cm2s7 !, E.s = 500...1000 GeV
(remember LEP1 £ =2.4-103% cm~2s71)
» goal integrated luminosity in first 4 years : 500 fb~!

» goal: precision machine

» polarized electron and positron beam
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Positron source

» Parameters

» 1ms bunch trains with 2820 bunches, 5Hz repetition
» 310! positrons per bunch

» Challenge:

» high intensity (target damage)
> high polarisation

Pre-accelerator

(125-400 MeV) )
147 GeVe? Target Booster Linac
(cryomodules to boost energy to 5 GeV)
150 GeV e~
—_—
N
Helical Y '
Undulator r * LY X +Dump
Collimator  OMP Capture RF ¢-pump
(upgrade) (125 MeV)

Damping Ring

A. Schalicke (DESY, Zeuthen) Polarized Positron source simulation

4/ 18



Polarized Positron Source Simulation

- @

Primary beam

» Photons from Undulator

» Electrons (conventional source)

» Input file (e.g. Compton photons, Hybrid target)
Target

> e.g. Ti wheel, Liquid lead
Positron Capture Optic (OMD)

» AMD, QWT, Li-Lens
» Soleonid B-field, RF E-field
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PPS-Sim — Foundation

Geant4 toolkit
a toolkit for the simulation of the passage of particles through matter

Features include
» powerful geometry package
> elecromagnetic and hadronic shower simulation

> polarization transfer in physics processes

v

particle and spin tracking in electromagnetic fields (T-BMT)

v

visualization (geometry, particls, energy deposition, ...)
GUI (XM, Qt, ...)

v
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PPS-Sim — Foundation

Layout

» use Geant4 for: geometry,
physics, Ul

» use ROOT for: data analysis,
persistency

Prerequisites

» Geant4 (incl. Qt4 binding)
» ROOT (incl. Qt4 binding)
» Qt 4.2 or above
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PPS-Sim — Features

Input

» Beam, Target & OMD (free configurable geometry)
Output

» positron yield & polarisation (incl. DR acceptance)

v

beam properties (width, emittance, energy, ...)

v

total energy deposition in components
» PEDD in target, LiLens or Windows
User interface
» GUI allows for setting of simulation parameter
» visualisation of geometry & tracks
» semi-automatic parameter scans (e.g. RF phase)

> output as .root, .eps, ...
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PPS-Sim — Physics

Polarized processes

» Compton

» Bhabha / Mgller
» photo effect

> pair production
> bremsstrahlung

» positron-electron annihilation

Spin Tracking: T-BMT equation

as _ e
dt

=] =
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G4UI Session

rminal — pps-sim — 91x19
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Yield & Polarization

Yield & Polarization 0 :

» Input: photon spectrum Toss E ;
(from helical Undulator) 0a

> interaction with target °-3§* :;M

» tracking of particle - Jos

» apply damping ring acceptence O'E :::

» derive yield & polarization R R N SR, W
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Yield & Polarization

§ ¢ T '3
Yield & Polarization goo- - e
508 B 0.8

» Input: photon spectrum 07 \\ / 0.7
(from helical Undulator) 067 0.6

» interaction with target 05 \ 05
> tracking of particle o o
gorp 03 / \‘\m 0.3

» apply damping ring acceptence o2t 0.2
» derive yield & polarization 04? / 0.1
l; — 2 — 4 ‘ I 6 — 8 — 10

photon collimation [rad]
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Peak Energy Deposition Density (PEDD)

PEDD

MeV/cm®/e*
600

=

> in target (or windows)

» currently only in absence of
magnetic field

Example

» Undulator based source
» 150 GeV drive beam
» 14 mm, Ti target

r [mm]
=] - N w » 2 o ~ © ©
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Compton source

positive helicity spectrum ene_ang_pos
10° Entries. 485917
Mean x 18
: Meany 0.0001386
Compton
B g RMSy 9.365e-05

> input spectrum from external
file (by E. Bulyak)
» vary thickness and material

» derive yield and polarization

E/MeV
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Compton source

[ Compton gamma on Ti target |

>:<10" 5085 ¢
Compton > EPY
15;7 —ionE
> input spectrum from external 1 e
file (by E. Bulyak) e oss
» vary thickness and material o El
£ — o055
» derive yield and polarization " ER
10; 0‘1 0‘15 0‘2 l"l‘Z.") - 0‘3 0(‘!5 0‘4 - 6‘45% 0.45
diX,
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Compton source

[ Compton gamma on W target |

- zzxm" 5085 ¢
Compton Y EPY
20 50.752
> input spectrum from external 1 e
. 18 3
file (by E. Bulyak) Y oss
» vary thickness and material 1 Els
15 —o.55
» derive yield and polarization 14 El
s 0‘2 0‘4 ' 0.‘8 0‘8 ‘1 : 0.45
diX,
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Summary

» PPS-Sim
> exploitation of the Geant4 toolkit
» provides Qt GUI for easy usage
» allows batch runs for high statistics accumulation
» uses ROOT for data analysis and persistency
» Features
» e+ production: Undulator, Conventional
» capture: AMD, QWT, Li-Lens
» acceleration: RF & solenoid incl. spin tracking

» Available

> source code available from pps-sim.desy.de or from author
» documentation on LCpositrons Wiki
» repository on DESY SVN Server
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file:pps-sim.desy.de
https://znwiki3.ifh.de/LCpositrons/PPSSimTool
http://svnsrv.desy.de/

Appendix

Polarization in Geant4
Stokes parameter
Matrix formalism
Examples
Frames
Spin representation problem

Spin Tool Workshop
Working Session
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Stokes parameter G. Stokes, Trans. Cambridge Phil. Soc. 9 (1852) 399

Wave function :
\U(X, t) = a1V + apVs

Jones vector :
a2 +]af=1 a= ( a1 )
ap

Spin density matrix :

* * 1
p=a®a’ = < 18 a9 ) = Z(1+¢o)

ara] aza, 2
Stokes parameter : &
E=| & | =aloa
£3
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Matrix formalism W. H. McMaster, Rev. Mod. Phys. 33 (1961) 8

()-r(2)

Transformation Matrix :

» Differential cross section
S A Az Az » Asymmetr
e Mix Mo Msy Y _ .y
Py My My Ms » Polarization
P3 Mz My Mss » Depolarization and

polarization transfer
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Pair production in field of nucleus

I =D 0 0

0 0 0 —-L
r= 0o 0 0 —-T

0 0 0 O

I =1[p*+(p— kP13 + F(p, ki 2)) = 2p(p — k)(1 + G(p, k; Z))
D =8p(p— k) G(p, k; Z)

L=k{(2p— K)[B+ F(p.k; Z)] +2(p — K)[1 + G(p, k; Z)]}

T =4k(p— k) H(p, k; 2)
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Compton scattering on electron at rest

I A 0 E
(A B 0o M k
"=lo 0 ¢ ’
F G G D
Independent of I =1+ cos®0+ (ko — k)(1 — cosb)
electron spin S : A =sin%6
(LAB.C.D) D =2cosf + (kg — k)(1 — cos ) cos
Dependent on
electron spin S : E=—(1—cosf)(kocost +k)-S
(E,F,Gi.H;) F =—(1—cosf)(kcost + ko) - S

A. Schalicke (DESY, Zeuthen) Polarized Positron source simulation 23/ 18



Frames

Interaction frame
» all participating particle define
the x-z-plane

» incoming photon gives the z
direction

> particle 1 and gives the
x-direction

> y-axis is then perpendicular to
the scattering plane

Particle frame

» defined by the Geant4 routine

G4ThreeMomemtum: :rotateUz ()
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z . \

y
photon

electron \ Tz

Global frame

» defined by the Geant4
geometry

24/ 18



Problem Spin representation

» Physics processes
» polarization transfer/destruction in interaction with matter
three component Stokes vector
probabilistic interpretation
magnitude < 1
Problem 1: no correlation effects

vV vyvVvyy

» Spin transport
» governed by T-BMT
» calculated using Runge-Cutta algorithms
» Spin magnitude = 1
» Problem 2: ambiguous transformation from Stokes vector to Spin
(quantisation axis)
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Working Session

Introduction very general
Undulator spectrum Working pession
features
RrOOT remove external dependences
techniques magn. field
& geometry collimator
example results 2pin processes
Root-Qt
new optic before/after RF
Tutorial/Hands-On download
commentjclean up of code improve documentation
Wiki/www jnztal)
PESP/SPIN proc. frst run
paper advanced runs (e.g. batch, pedd)
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Working Session

ROOT

Qt

Root-Qt

comment/clean up of code

Wiki/WWW

PESP/SPIN proc.

paper
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Undulator spectrum

remove external dependences

geometry collimator

new optic before/after RF

improve documentation

Polarized Positron source simulation

In
Working Session
Tutori
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