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The International Linear Collider (ILC)The International Linear Collider (ILC)
• Center of mass energy: 500 GeV
• Luminosity: L= 2·1034 cm-2s-1

• Length: ~ 31 km
P l i d b P( ) 80% P( ) 30%(60%†) † d• Polarized beams: P(e-) > 80%, P(e+) ~ 30%(60%†) †upgrade

• Polarization of both beams is advantageous f. SM- and non-SM-physics
(eff. luminosity, signal/background in SM processes …) 

http://www ippp dur ac uk/~gudrid/source/http://www.ippp.dur.ac.uk/ gudrid/source/
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E166E166
Task: proof the possibility, to produce polarized positrons using a helical undulator !

• 1 m long helical undulator produces circular polarized photons
• conversion of circularly polarized photons to longitudinally polarized positrons in 

thin W-target
• measurement of polarization of photons and positrons by Photon transmission 

method
• main parts: undulator, production target, spectrometer, e+/γ diagnostics
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The E166 UndulatorThe E166 Undulator

Design parameter:
• length 1m
• period 2 54 mm

wound left handed

• period 2.54 mm
• aperture 0.889 mm
• on axis field 0.71 T
• K 0.19
• Eγ (1st harmonic) 7.8 MeV @ Ebeam= 46.6 GeV
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Photon Energy and Polarization (K~0.17)Photon Energy and Polarization (K~0.17)

Ecutoff (1st harmonic) : 7.8 MeV

Undulator Photon energy spectrum Undulator Photon degree of polarization
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Expected Positron Spectrum and PolarizationExpected Positron Spectrum and Polarization

positron generation in a 0.5 X0 W-target for undulator design parameters:
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Compton Transmission PolarimetryCompton Transmission Polarimetry
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The E166 PolarimeterThe E166 Polarimeter
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Measure Edep(-) and Edep(+) 
Edep(-) - Edep(+) 

Edep(-) + Edep(+) 
->   Asymetry  =
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E-166 in the FFTBE-166 in the FFTB

• beam energy Ebeam = 46.6 GeV
• electrons/pulse Ne- ~1010

• beam size σ = 40 µm
• rep. rate 10 Hz
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Details of the setupDetails of the setup
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The setupThe setup
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Positron data analysisPositron data analysis

Analysis steps: 

• background subtraction

• 2 run periods (june and september 2005)
• 6 spectrometer settings (6 e+ energy points)
• > 8 million triggers

3000 l s background subtraction

• normalization of the energy
deposition

• ~ 3000 cycles

• cyclepairing

• asymmetry determination

Bg + signal

Bg
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AsymmetriesAsymmetries
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AsymmetriesAsymmetries

09/10/07 R. Dollan 16



AsymmetriesAsymmetries
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Polarization dependent processes in GEANT4Polarization dependent processes in GEANT4

Polarized Photons

Conversion Target G4ePolarizedBremsstrahlung
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Positron production TargetPositron production Target
Input: undulator spectrum

Polarization Transfer:
G4PolarizedGammaConversion

High energetic positrons
carry high degree of polarization

e-
e-

e+

e-e-e+

0.25 X0 W
long. pol. e+e- pairs

circ. pol. photons
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Spectrometer calibrationSpectrometer calibration
Calculated and
measured field map
were the input for thep
G4 Simulation
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PolarizationPolarization
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P1 counter (PosSi)P1 counter (PosSi)
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P1 asymmetriesP1 asymmetries
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P1 asymmetriesP1 asymmetries
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Polarization correctionPolarization correction
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Corrected PolarizationCorrected Polarization
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Correction vs. normalization (P1)Correction vs. normalization (P1)
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Corrected PolarizationCorrected Polarization
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Corrected PolarizationCorrected Polarization

Measured also photon asymmetries in the expected range:M a ur a ph t n a ymm tr n th p ct rang

exp. Results expected
from simulation

Photon Calorimeter : 3.67 % ± 0.071 % 3.22 %

Aerogel Counter     : 3.31 % ± 0.12 % 3.54 %
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Final remarksFinal remarks

• E-166 produced data with good quality and has shown, that 
the helical undulator works – polarized positrons have 
been measured

• Asymmetries > polarization values are as expected• Asymmetries -> polarization values are as expected

• The E166 simulation made polarized processes in GEANT4 p p
necessary – they have been implemented

(I t t ti f th d t d) bli ti i• (Interpretation of the data and) publication in progress
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