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What is E166?

It is a proof-of-principle experiment for a new type of 
positron source! New sources are necessary for the planned 
positron current in the ILC...

...and it's polarized!

●  does this principle work?

●  what is the degree of polarization?



who and where? :
● ~50 persons from 13 universities as well as SLAC, DESY, 
KEK, CERN

● experimental setup was located in the FFTB at SLAC

FFTB



Timeline of E166 :
● main principle first mentioned in 1970s

● first proposal to SLAC in 2001

● two runs in 2005 (june and september)

● about 12GB of raw data in ~3000 runfiles

● complete simulation of the setup with GEANT4

● experiment (and FFTB...) dismantled in spring 2006

● analysis of data is still in progress



Why polarized? :

Ideal: ILC with polarized e+ and e- beams
● Higher effective polarization

● Increased signal to background in SM-tests

● Enhancement of effective luminosity

● Precise analysis of many kinds of non-standard 
couplings

● The option to use transversely polarized beams



Why polarized? :

background and luminosity:



Why polarized? :

search for new physics:



The helical undulator
First proposed by 
Mikhailichenko und Balakin in 
1979:

The Conversion System for 
Obtaining High Polarized 
Electrons and Positrons, 
Budker Institute of Nuclear 
Physics, Preprint BINP 79-85 
(1979)



The basic principle:

undulatore-
e- separator



e-

thin target, 
about 0.5 X0

separation, adiabatic 
matching, filtering, 
acceleration, dump, 
damping ring, ...



Why using an undulator?
Conventional positron source:

●  unpolarized
●  target >5 X0
●  very high energy deposition in target (heatload)
●  complex target, e.g. rotating WRe-Disc

Source with helical undulator:
●  polarized
●  target ~ 0.4X0
●  smaller energy deposition in target (ILC won't kill it...)
●  simple target (thin target, no switchyard necessary)



And in ILC?



The helical undulator...

sensitive mechanics, line of 
sight about 0.7mm!



The helical undulator:

Technical details:

Low emittance beam necessary!



The helical undulator:

Needs cooling!



The helical undulator:

Produced radiation: E0≈
22hc
u

● first approximation in beam direction:
● @SLAC: E~50GeV  results in ~10MeV photons



The helical undulator:

Produced radiation:



The helical undulator for the ILC:

● E166 competes with 
LASER-backscattering 
 sources for use in 
the ILC

● E166 has to proof 
its principle and give 
a hint on its efficiency 
and the degree of 
polirization
 
● No advice on 
technical details of an 
ILC-scale positron 
source can be given



The setup...



The setup:



The setup:

FFTB at SLAC, 50GeV e- @ 1 or 10 Hz :



The setup:



The setup:

The analysis part in detail:



E166 spectrometer and calibration:



E166 spectrometer and calibration:



The setup:

The positron-polarimetry:
● Polarimetry uses spin-
dependent Compton- 
crossection, measures 
asymmetry

● Compare with 
Goldhaber-experiment



Some preliminary results of E166:

● Helical undulator works and produces circularly polarized 
photons!

● Asymmetries measured for 6 different positron energies

● Asymmetries are in the expected range

● Analysis and simulation with GEANT4 is still in progress

P=


A⋅Pe



Some preliminary results of E166:

A=n L p



Some preliminary results of E166:



The setup:

The CsI-calorimeter:
● 3x3 matrix of CsI(Tl)-crystals
● CsI(Tl): high energy resolution (~5%) at E~1GeV
● 2 photodiodes per crystall
● photodiodes and amplifiers out of BaBar-inventories



The setup:

Detector-electronics:

x32

x1

x8

x1

x8

x1

12bit ADC
analog in
from diode

detector-internal ADC-internal

GAIN SENSITIVITY



My diploma thesis:   Calibration of the E166 CsI-calorimeter

Analysis of run files with focus on:

● improved pedestals

● precise measurement of 
amplifier slopes

● calculation of high-resolution values

Simulation of cosmic muon events with GEANT4:

● implementation of cosmic muon generator

● implementation of cosmic trigger in geometry

Testbeam run in Hamburg to check linearity



My diploma thesis:



My diploma thesis:

Simulation with GEANT4 and calibration with cosmic
 muons:

DATA

SIMULATION



Conclusion:

My work for E166:

● Determination of amplifier slopes has been finished, 
with a precision better or equal to 2.5%

● Simulation with GEANT4 has been finished, first 
calibration with cosmic muon runs done at SLAC has 
been published

Analysis in progress:

● Testbeam run in testbeam-area 22 at DESY Hamburg
● First results show extrapolation within 5%-band 
possible


