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The International Linear Collider - ILCThe International Linear The International Linear ColliderCollider -- ILCILC

• Electron-Positron Collider
• ECMS: 500 – 1000 GeV
• Luminosity: L= 2* 1034 cm-2s-1 (1st 4 years: 500 fb-1)

(compare to LEP I L=2.4*1031 cm-2s-1)
• 1 ms bunch trains w. 2820 bunches at 5 Hz (interval 308ns) 
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Wy both beams polarized at the ILC ?WyWy both beams polarized at the ILC ?both beams polarized at the ILC ?

• enhancement of the effective luminosity

• higher effective polarization

• improved accuracy in measuring the polarization

• increased signal to background in studies of SM-Physics

• Precise analysis of many kinds of non-standard couplings
(larger reach for non-SM physics searches)

http://www.ippp.dur.ac.uk/~gudrid/source/
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One example: Selectron production in e+e-One example: One example: SelectronSelectron production in production in ee++ee--
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Positron productionPositron productionPositron production
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E-166EE--166166
• Demonstration experiment to proof the possibility, to produce polarized 

positrons using a helical undulator
• Collaboration of >50 people from 3 continents
• In the final focus test beam (FFTB) at SLAC with ~50 GeV (unpolarized) 

electrons
• 1 m long helical undulator produces circular polarized photons
• Conversion of photons to longitudinally polarized positrons in thin W-target
• Measurement of polarization of photons and positrons by Photon transmission 

method
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The helical UndulatorThe helical The helical UndulatorUndulator

y
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e- beam

Undulator photons
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I1I2
I1 = - I2

Helical winding where I1 and I2 are in
opposite directions.

Helical winding:
• z component of the induced magnetic field cancels
• remaining magnetic field describes a helical profile
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Undulator parametersUndulatorUndulator parametersparameters
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Photon Energy and PolarizationPhoton Energy and PolarizationPhoton Energy and Polarization

Undulator Photon energy spectrum Undulator Photon degree of polarization
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Expected PolarizationExpected PolarizationExpected Polarization

Expected positron polarization vs. positron energy
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Transmission PolarimetryTransmission Transmission PolarimetryPolarimetry
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PolarimeterPolarimeterPolarimeter
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Measure Edep(B) and Edep(B) 
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->   Asymetry =
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Expected AsymmetriesExpected AsymmetriesExpected Asymmetries
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Most challenging task for E166 
was to measure asymmetries ≤1% in the CsI - Calorimeter
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E-166 in the FFTBEE--166 in 166 in thethe FFTBFFTB

Two sucessful running periods

• beam energy: 46.6 GeV
• rep. Rate: 10 Hz
• Ne

-/pulse: ~1010
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The AsymmetriesThe AsymmetriesThe Asymmetries
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The AsymmetriesThe AsymmetriesThe Asymmetries
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Polarization dependent processes Polarization dependent processes Polarization dependent processes 

Polarized Photons
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-> Wed Oct. 11, 8:30 EM Session
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Positron production TargetPositron production TargetPositron production Target
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Spectrometer calibrationSpectrometer calibrationSpectrometer calibration
Calculated and
measured field map
were the input for the
G4 Simulation
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e+ - Capture and Transportee++ -- Capture and TransportCapture and Transport
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e+ - Capture and Transportee++ -- Capture and TransportCapture and Transport

Reconversion target 
C

Point  BPoint  A
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Understanding of experimental dataUnderstanding of experimental dataUnderstanding of experimental data

Point C
Reconversion target

Point  B
Spectrometer
exit

Point  A
Spectrometer
entry

Unexpected distribution
in the Positron counter
at the conversion target 

Hi

Hi
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Confirmed by simulation -
Effect of the spectrometer geometry
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Polarimeter Analyzing PowerPolarimeterPolarimeter Analyzing PowerAnalyzing Power

±100%N e+ = 104

E e+ = 7 MeV
P e+ = ±100%
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Preliminary resultsPreliminary resultsPreliminary results
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SummarySummarySummary

• E-166 produced data with good quality and has shown, that the 
helical undulator works

• The E166 asymmetries are in the expected range
• The E166 simulation made polarized processes in GEANT4 

necessary
• Relevant polarization dependent processes have been implemented
• Full simulation is ongoing and used to test the implemented 

processes
• New polarized processes available in December
Next:
• Simulation studies of 

– Positron production-, capture- and transport system for the ILC
– Low Energy Polarimeter options for the ILC – “LEPOL”
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Preliminary ResultsPreliminary ResultsPreliminary Results
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E166 Helical undulator parameters vs. TESLA, NLC parametersE166 Helical undulator parameters vs. TESLA, NLC parameters
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IP1 ~30 meters upstream

E-166 Detector area (Top view)EE--166 Detector area (Top view)166 Detector area (Top view)

0.4 X0, Ti
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Ag2SiC

γ C-1
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SiC-old
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C-2

CsI DESY

CsI SLAC
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Detector Segmentation DAQ ch. Description Location
1. Pcal B, C, D, E(e-) 1, 2, 3, 4 4x4 arrays, 23 layer: 1X0W/Si/G10, xyz sum above permanent dump magnets
2. Gcalold 1 8 12ch M1s, 23 layer: 1X0W/Si/G10,  xyz sum mobile (background)
3. SiCold 1 9 12ch M1s, 15 layer: Si/G10, xyz sum mobile (background)
4. Ag2SiC 1 13 12ch. M1, 1 layer: 0.15X0W/G10/Si, xy sum inside Gcal box
5. Gcal Z1-4s 14-17 (s)ig:central 8ch M1s, Zsum| 1:1,2 2:3,4 3:5,6 4:7-9 Gcal box

Z1-4b 18-21 (b)kgndl:corners 4ch M1s, Zsum| same as sig. 9 layers: 1X0W/G10/Si
6. PositronSi 1 22 12ch. M1, 1 layer Si/G10,  xy sum between Faraday cup and e+ magnet (June05 run)
6a.PosSi 2 or 3     4-BL,TL,TR,BR  88,89,90,92          (1) 2x2 array, 1 layer: Si only in beam,      between Faraday cup and e+ magnet (Sept05 run)
7. Ag1Si 1 23 12ch. M1, 1 layer 0.15X0W/G10/Si, xy sum upstream of Ag1 in Al box
8. Collimator Si 4-T,R,B,L 84,85,86,87 4-M1, 12ch arrays w/ 1X0W, 3mm hole aligned w/ collimator 3mm hole

Faraday Cup
(removable)

Collimator 2Positron Spectrometer

15cm (reversible)
magnetized Fe

15cm (reversible)
magnetized Fe

Collimator
Si
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Polarimeter setupPolarimeterPolarimeter setupsetup

4 x 109 photons

4 x 105 e+

4 x 109 photons

4 x 107 photons ~ 500 TeV

5 x 104 phE5x106 phE

1.6 x 103 photons of total ~ 6 GeV

2 x 107 e+
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MERMAID field map implementation into E166_G4_SIM
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Figure 19. Scheme of one unitary 
segment for the 3D interpolation.

Figure 20. Scheme of the 3D segmentation using the unitary cube
method for the field map implementation
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