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International Linear Collider (ILC)

proposed counterpart to the LHC

polarized e+e−-collisions
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The positron source
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ILC nominal positron source parameters
e− drive beam energy, GeV 150

e+ per bunch at the end of pre-accelerator 3 · 1010

Bunches per pulse 2625

Pulse repetition rate, Hz 5

e+ polarization 30 (60)
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aim of the OMD: increase the positron yield

several Optical Matching Devices
Quarter Wave Transformer, Adiabatic Matching Devise and Lithium Lens

Richard Pausch (TU Dresden) Magnetic fields of the optical matching devices used in the positron source of the ILC 4/17



PPS-SIM

Polarized Positron Source - Simulation
→ optimize the positron source

based on Geant4 and ROOT

simulation of electromagnetic and hadronic showers

polarisation transfer in physics processes

particle and spin tracking in electromagnetic fields

adjustable geometry and GUI

batch mode for high statistics runs

→ only simplified magnetic fields
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Design of the QWT

QWT: first two solenoids

Solenoid surrounding the RF-cavity

Richard Pausch (TU Dresden) Magnetic fields of the optical matching devices used in the positron source of the ILC 7/17



Simulations
mathematical background:

Maxwell’s equations

~∇× ~B = µrµ0~j and ~B = ~∇× ~A

~A(~r) =

ˆ
d3r’

~j(~r ′)
|~r −~r ′|

−→ ~A = (0,Aϕ, 0)

Implemented Formula

~∇×

(
~∇× ~A
µ0 · µr

)
=~j

boundary conditions

material properties

current densities
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Simulations

Results from FlexPDE

finite element method

returns discrete data from the grid points

QWT - quarter-wave-transformer

QWT:  Grid#6  P2  Nodes=8029 Cells=3978 RMS Err= 4.8e-5
Surf_Integral=  0.020464 
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FlexPDE 6.13
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Function for the fit

FlexPDE gives discrete data → needs to be fitted
obvious approach: vector potential ~A

Gauss’s law for magnetism

~∇ · ~B = 0

Laplace equation

~∇2ψ(r , θ, φ) = 0

Magnetic field from scalar function

~B = ~∇ψ(r , θ, φ)

→ spherical harmonics
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Results

Work:

simple χ2 function → χ2 =
∑(

B̂z(ρ, z)− Bz(ρ, z)
)2

fit was done using python and minuit2

for several different currents

Final results:

39 parameters for the spherical harmonics

linear relationship between current and parameters

magnetic flux density is calculable for different currents

implemented in PPS-SIM
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Results

→ below 10% deviation on main beamline
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Design of the AMD

Adiabatic matching device

AMD-1:  Cycle=56  Time= 4.0000e-4  dt= 2.8499e-5  P2  Nodes=11673 Cells=5804 RMS Err= 6.3e-6
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Results

Adiabatic matching device

AMD-1:  Cycle=55  Time= 1.5000e-3  dt= 1.7783e-4  P2  Nodes=11513 Cells=5724 RMS Err= 1.6e-5
Vol_Integral=  8.961380e-8 
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still open questions
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Conclusions

1 Quarter Wave Transformer
I working model
I good approximation by fit
I relation between current and parameter
I included in PPS-SIM

2 Adiabatic Matching Device
I model included in FlexPDE
I still open questions about physics
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Are there any questions?
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