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Motivation
'The physics potential of an e+e- linear collider can be significantly enhanced if both the
electron and positron beams are polarized.' [1] The effective polarization and hence the
measured asymmetries are larger, if positrons are polarized in addition to electrons; the
measurement error on the effective polarization will decrease. This is essential for a
proposed 'Giga-Z' run of the LC at the Z0-energy. The direct control over the initial
helicity states allows the separation of the four helicity contributions to any physics
process, and the suppression of backgrounds generated by certain helicity states, e.g.
from W production.
Several methods are known to produce (unpolarized or polarized) positrons. The
conventional methods are based on the production of electromagnetic showers by high
energy electron beams impinging on heavy-metal targets. For LC conditions, these
targets are close to their (thermo-)mechanical limits and therefore cannot be used to
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generate polarized positrons. The assumption that an ultra-relativistic positron beam - e.g.
made by the conventional method - could be easily polarized by multiple Compton
scattering on circular polarized laser beams was recently shown to be based on a
misconception.[2]
Therefore, another method based on a two-step scheme has become quite attractive
and is the basis for this proposal.[3] In the first step, an unpolarized electron beam passes
through a helical undulator and generates circular polarized photons with an energy of 30
to 50 MeV. In the second step these photons then undergo pair production in a thin target.
The resulting positrons are expected to be longitudinally polarized, with a polarization of
45-70% in the high-energy part of the spectrum [4]. Together with highly polarized
electrons the effective polarization will be significantly higher than 90%.
Project Overview
John Sheppard and Rainer Pitthan from SLAC have proposed to test this attractive
concept in an experiment at the Final Focus Test Beam (FFTB) at SLAC [5] together
with university groups from South Carolina and Tennessee. The goal of this experiment
is to demonstrate the viability of undulator-based positron production and to measure the
achievable polarization.
In this experiment, the low-emittance beam of the FFTB would be threaded through a
helical undulator of period 1 - 2 mm to produce the circularly-polarized photons; a target
in the photon beam (e.g. titanium) - after the deflection of the electron beam by existing
magnets - would then produce the positrons. With the present electron flux in the FFTB
(1010 electrons/bunch) the expected yield of positrons from an helical undulator is about
3 107/m/bunch.
Devices are needed to measure the flux, energy spectrum, and polarization of the photons
and positrons; all of which are expected to be in the energy range up to 50 MeV. Several
options exist for each of these, but these options still have to be investigated in detail.[7]
Most of these options involve the transmission of the photon or electron/positron through
a magnetized ferromagnetic foil or by their scattering on polarized electrons. The
measurement of the polarization of positrons employs Bhabha scattering and two-photon
annihilation (Mott scattering is not well suited for this energy range, single arm Møller
measurements have a high background. Double arm Møller measurements are difficult
because of the low SLC duty cycle). Another attractive concept for the SLAC site is the
measurement of the polarization of photons from re-converted polarized positrons. The
photon polarization can be detected by their transmission through a magnetized foil; this
method has recently been demonstrated at the KEK Accelerator Test Facility [8]; its
implementation at FFTB would have the advantage of significantly higher rates.

This experiment is now in the conceptual design stage. A collaboration between SLAC,
University of South Carolina, and University of Tennessee has been formed. The actual
experiment would be performed in the next 2-3 years during which the FFTB is available.
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Work to be performed by South Carolina
For the first year, we propose to work on the following:
- Survey of polarimetry schemes
- Development of simulations tools for pair production, polarimetry e.g.
polarization transport in Geant 4, Geant4 simulation of proposed polarimeters.
Once the experiment is approved, we expect to be involved in
- Data acquisition for the polarimeters,
- Data taking and analysis, comparison to simulations.
This work is to be performed mainly by Achim W. Weidemann, who will supervise a
graduate student (typically half-time, for a year, or full-time for shorter periods).
Work to be performed by Tennessee
Tennessee plans to work on the following items:
1) Diagnostic techniques for the measurement of polarization of photons and positrons.
- Simulation of the detection scheme.
- Setup of the detector with mostly recycled instruments from ORNL and
SLAC/Stanford Campus. Engineering support from the University will be
provided.
- Data acquisition and analysis.
2) Alternative scheme for high energy gamma production based on undulators [9].
Both university groups have experience with (Compton) polarimetry from SLD (high
energy beam at 45 GeV), and with the FFTB beam line through previous experiments
(E-144, E-150).
Our future interest is in the contribution to the detection of polarization at LC energies.
Precision measurement of polarization has successfully been demonstrated by the SLD
experiment at SLC resulting in the world's most precise single measurement of the
Weinberg angle. As demonstrated by SLD experience, it is crucial that other polarization
measurement techniques with different systematics be utilized to periodically check the
accuracy of the primary measurements. Such checks are crucial to the proper
understanding of the error budget for the measurement.
The University of Tennessee proposes to construct for LC a quartz fiber calorimeter
similar to the one built for SLD for this purpose. The device uses the integrated energy
asymmetry of the Compton scattered photons to provide a relatively independent
polarization measurement. While some details of LC operation require a modified design
the basic device is similar to that used at SLD. The potential of a suitably designed quartz
fiber device for measurement of beamstrahlung angular and energy distribution is also
under study by our group.
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Budget
Institution
Tennessee
Tennessee
Tennessee
Tennessee

Item
Acquisition/recycling of instrumentation (e.g. ORNL)
1 month engineer work (includes benefits & overhead)
Travel
Indirect Cost (25%)

Cost
$5,000
$10,000
$8,000
$2,000

S. Carolina
S. Carolina
S. Carolina

Graduate Student Housing Subsidy – 6 Months
Travel
Indirect Costs (Off-site rate 25%)

$8,000
$3,000
$2,750

SLAC

SLAC total

$0

Grand total

$38,750
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