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Having both the positron and electron beams polarized in a future linear e+e−collider is
a decisive improvement for many physics studies at such a machine. The motivation for
polarized positrons, and a demonstration experiment for the undulator-based production of
polarized positrons are reviewed. This experiment (‘E-166’) uses the 50 GeV Final Focus
Test electron beam at SLAC with a 1 m-long helical undulator to make ≈ 10MeV polarized
photons. These photons are then converted in a thin (≈ 0.5 radiation length) target into
positrons (and electrons) with about 50% polarization.

1 Introduction

Polarized positrons in e+e−collisions in addition to polarized electrons are a powerful tool for
many physics studies, for which a few examples are given in Section 2 below. Schemes to provide
polarized positrons have been proposed a long time ago1, but were thought to be difficult to
realize.

Polarized positrons can be produced by pair-production from circularly-polarized high-
energy photons impinging on a target. The circularly-polarized photons could be made by
Compton backscattering of a laser beam off a high-energy electron beam;3 or by a helical un-
dulator. The latter method is particularly attractive for the proposed TESLA collider, which
already uses a positron source based on pair-production from a (planar) undulator in its design.4

Section 3 presents a demonstration experiment5 for this method, now under way at the Stanford
Linear Accelerator Center.

aAddress: SLAC, MS 67, 2575 Sand Hill Rd., Menlo Park, CA 94025; e-Mail: achim@SLAC.Stanford.EDU
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Figure 1: Selectron pair ẽ−L ẽ+
R production cross sec-

tion as function of positron polarization.2
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Figure 2: Differential azimuthal asymmetry distribution in
the ADD model (asymmetry is signal for graviton spin-2

exchange.9)

2 Physics Motivation

In the study of the left-right asymmetry of s-channel vector particle exchange the effective
polarization is defined as Peff = (Pe− − Pe+)/(1 − Pe−Pe+). Increasing Peff will decrease the
error in the measurement of this asymmetry, which scales roughly with 1− Peff , as well as that
of the polarization itself. In a Linear Collider operating at energies around the Z0 pole for
precision tests of the Standard Model, positron polarization would allow a precise measurement
of the polarization from the events themselves in the so-called extended Blondel scheme. An
accuracy in the measurement of the electroweak mixing angle of δ(sin2 θeff) = 0.00001 and of
the W-mass of δ(MW ) = 6 MeV seems possible.11

WW and ZZ production are the dominant background processes for many new physics
searches. A suitable choice of the polarization of both e+ and e− beams can enhance or suppress
these backgrounds. For example, a positron polarization of about Pe+ = −60% would double
the suppression of the WW background compared to Pe+ = 0% (for Pe− = 80% in both cases).

In Standard Model s-channel processes, due to its (V−A) couplings, only the (LR) and (RL)
configurations of the initial e± contribute. The fraction of colliding particles is therefore (1 −
Pe−Pe+)/2 ≡ Leff/L , which defines an effective luminosity Leff . If both beams are polarized,with
e.g. Pe+ = 60%, Pe− = −80%, this Leff is 0.74 compared to 0.5 for Pe+ = 0% and any Pe− .2

Supersymmetry (SUSY) is a leading candidate for new physics; polarized positrons help to
prove the assumptions underlying this theory as model-independent as possible. For example,
SUSY transformations associate chiral (anti)fermions to scalars e−L,R ↔ ẽ−L,R but e+

L,R ↔ ẽ+
R,L.

Both beams have to be polarized in order to prove these associations. 6 The process e+e− → ẽ+ẽ−

occurs via γ and Z exchange in the s-channel and via neutralino χ̃0
i exchange in the t-channel.

The association can be directly tested only in the t-channel and the use of polarized beams
serves to separate out this channel. Fig. 1 shows an example of this; here the selectron masses
are assumed to be close together, mẽL

= 200 GeV, mẽR
= 190 GeV, so that ẽL, ẽR decay via the

same decay channels (other SUSY parameters are taken from the reference scenario SPS1a7).
From Fig. 1, it is seen that both beams need to be polarized to separate the different ẽ−L ẽ+

R,
ẽ−L ẽ+

L combinations..
For many SUSY analyses other SUSY processes are the most important background. Positron

polarization can again be used to suppress the undesired process, as illustrated for selectron pro-
duction in [8].

While the examples above used longitudinally-polarized lepton beams, transversely polarized
lepton beams may be obtained by a spin-rotator magnet near the interaction point. Only having
both beams transversely polarized would allow the measurement of the azimuthal asymmetry
for a study of the origins of electroweak symmetry breaking10 and extra dimensions. Fig.2 shows
an example of a signal of extra dimensions in the ‘ADD’ model.9



Table 1 TESLA, NLC, E-166 Parameters

Parameter TESLA† NLC‡ E-166

Beam Energy Ee[GeV] 150-250 150 50
Ne/bunch 3× 1010 8× 109 1× 1010

Nbunch/pulse 2820 190 1
Pulses/s [Hz] 5 120 30
Undulator Type planar helical helical
Undulator Parameter K 1 1 0.17
Undulator Period λu [cm] 1.4 1.0 0.24
Undulator Length L [m] 135 132 1
1st Harmonic Cutoff, Ec10 [MeV] 9-25 11 9.6
dNγ/dL [γ/m/e−] 1 2.6 0.37
Target Material Ti-alloy Ti-alloy Ti-alloy,W
Target Thickness[Rad.Length] 0.4 0.5 0.5
Yield e+/photon [%] 1-5 1.5 0.5

Positrons/bunch 3× 1010 8× 109 2× 107

Positron Polarization [%] – 40-70 40-70

†: unpolarized TESLA positron source4;
‡: proposed polarized positron source
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Figure 3: Longitudinal polarization
(solid curve, averaged over 0.5MeV
bins) and energy spectrum (histogram)
of positrons emitted (Horizontal scale:
positron energy, range: 0 − 20MeV ).
The dip in the polarization at 9 MeV
is due to the corresponding dip in pho-

ton polarization at about 10 MeV.

3 E-166

The experiment E-166 at the SLAC Final Focus Test Beam (FFTB) is designed to test undulator-
based production of polarized positrons for a future high-energy linear collider.5 In this experi-
ment, the low-emittance 50 GeV FFTB electron beam will pass through the bore of a one-meter-
long helical undulator to generate circularly-polarized photons of a few MeV, which are then
converted in a thin target to generate longitudinally-polarized positrons by pair-production. The
positrons are then selected by a magnetic spectrometer, and their polarization measured.Many
parameters of this experiment are similar to those actually required at a future linear collider,
except for undulator length, electron beam energy Ee, and the number of positrons produced
per pulse, as shown in Table 1.

The undulator consists of a 0.6-mm diameter copper wire bifilar helix wound on a stainless
steel support tube with inner diameter 0.89 mm, undulator parameter K = 0.09B0[T ]λU [mm] =
0.17 and period λU = 2.4mm; these parameters were chosen to obtain a sufficient photon
intensity, namely dNγ/dL = (30.6/λu[mm])(K2/(1 + K2) = 0.37photons/m/e−. The photons
range in energy up to about Ec10 ≈ 24[MeV](Ee/50[GeV])2/(λu[mm](1 + K2)) = 9.6 MeV, the
maximum energy of first harmonic radiation.

When a circularly polarized photon creates an electron-positron pair in a thin target, the
photon polarization is transferred to the outgoing leptons.Positrons with an energy close to the
energy of the incoming photons are 100% longitudinally polarized, while those with a lower
energy have a lower longitudinal polarization. Figure 3 gives the longitudinal polarization (solid
curve) and energy spectrum (histogram) of positrons emitted from a 0.5-radiation-length-thick
Titanium target irradiated with photons of the energy and polarization spectra for the chosen
undulator design. The polarization of the total sample is about 53% and the conversion efficiency
from γ-rays to positrons about 0.5%. The measurement of the circular polarization of high-
energy photons is based on the spin dependence of Compton scattering off atomic electrons.
Here the transmission of photons through a thick magnetized iron cylinder is used.(Scattering
removes photons from the flux.) The transmission probability has a polarization-dependent term;
the asymmetry (1-6%) of the transmitted photon flux for two iron magnetization directions is
then directly proportional to the photon polarization. The photon polarimeter, includes an
aerogel Cerenkov detector before and after the magnetized iron absorber, and a total-absorption
Silicon-Tungsten (SiW) sampling calorimeter. The areogel detectors are only sensitive to photons
with an energy above ≈ 5 MeV; therefore, they give a photon number asymmetry independent
of lower-energy photon backgrounds, while the SiW calorimeter records the energy-integrated
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Figure 4: Conceptual layout of the E–166 positron generation and photon and positron diagnostic systems. Photon
beam enters from top left; if no target is inserted, it continues to the photon polarimeter (upper right of Figure);
if the target is inserted, the produced positrons are transported (downward in Fig.) to the positron polarimeter.

photon spectrum and energy-weighted asymmetry. When the positron production target is
inserted into the undulator photon beam line, the produced positrons are collected and displaced
from the photon beam by a positron transport line, with an efficiency of about 2%.

The polarization of these positrons is then measured by a two-step process; first, they are
reconverted by a 0.175cm-thick Tungsten target into polarized photons, and then the polarization
of these photons is measured, again by transmission polarimetry through a magnetized iron
cylinder, as discussed above. The emerging photons, with a typical energy of about 1 MeV,
and about 1000 per pulse, are then measured in a CsI crystal calorimeter. Geant simulations
have shown that systematic errors in the polarization measurements are of the order of ∆P/P ≈
5%; they are dominated by the (limited) knowledge of the effective polarization of the atomic
electrons in the iron. More details can be found in [5]

At this time (October 2004) E-166 is scheduled to run in January 2005. Obtaining and mea-
suring of positron polarization of better than 50 % will demonstrate the feasibility of undulator-
based production of polarized positrons for a future linear collider.
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