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Abstract

A proof-of-principle experiment has been performed in
the Final Focus Test Beam (FFTB) at SLAC to demon-
strate production of polarized positrons in a manner suit-
able for implementation at the ILC. A helical undulator of
2.54-mm period and 1-m length produced longitudinally
polarized photons of 1st-harmonic endpoint energy = 8.5
MeV when traversed by a 46.6-GeV electron beam. The
polarized photons were converted to polarized positrons in
a 0.2-radiation-length tungsten target. The polarization of
these positrons was measured at several energies, with a
peak value of ~ 80% according to a preliminary analysis
of the transmission polarimetry of photons obtained on re-
conversion of the positrons in a second tungsten target.

INTRODUCTION

The requirements for an intense positron beam at the ILC
place severe demands on the “conventional” method of (un-
polarized) positron production in which few-GeV electrons
are incident on a thick lead or tungsten target.

A technique for copious production of polarized
positrons was suggested some time ago by Mikhailichenko
[1], but has never been demonstrated until now. As
sketched in Fig. 1, an electron beam of ~ 150 GeV energy
passes through a helical undulator to produce a beam of cir-
cularly polarized photons of energies up to 10 MeV. These
MeV photons are incident on a thin target, in which there is
good polarization transfer to the positrons (and electrons)
that are pair-produced. The low-energy positrons are col-
lected for injection into one arm of the linear collider, while
the high-energy electron beam (which is largely undis-
turbed by its passage through the undulator) is directed into
the other arm.

In addition to the accelerator-physics advantages of po-
larized positron production, the full potential of the ILC
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Figure 1. The concept of undulator-based production of
polarized positrons. From [3].

(explore electroweak symmetry breaking, unravel possible
new phenomena as supersymmetry at the TeV energy scale.
etc.), can be realized only if both beams are polarized [2].

THE E-166 EXPERIMENT

The scheme of SLAC experiment E-166 [3] to demon-
strate production of polarized positrons is sketched in
Fig. 2. By use of a helical undulator with 2.54-mm period
(shown in Fig. 3), circularly polarized photons of energy
up to 10 MeV are produced by the 46.6-GeV SLAC elec-
tron beam, with energy spectrum and polarization identical
to that appropriate for the ILC; only the intensity of these
photons is lower in the demonstration experiment.

The calculated energy spectrum and helicity of photons
produced by a 50-GeV electron beam and a 2.4-mm pe-
riod undulator of strength parameter K = 0.17 is shown in
Fig. 4. The polarization of photons is transferred to that of
positrons by conversion of the photons in a thin target, with
expectations as shown in Fig. 5. The positron polarization
varies between 40 and 80% as the energy varies between 3
and 8 MeV.

The flux and polarization were measured for both the
photons and the positrons, using so-called transmission po-
larimeters, as sketched in Fig. 6. In this technique, the
photon flux is attenuated by magnetized iron leading to a
small asymmetry in the transmitted flux for photons with
spin aligned parallel or antiparallel to the magnetization of
the iron. To measure the polarization of positrons by this



Target

Undulator

50 GeV e”

¥
ECECECErECECEE Diag.

Figure 2: Conceptual layout (not to scale) of SLAC exper-
iment E-166. 46.6-GeV electrons enter from the left and
pass through an undulator to produce a beam of circularly
polarized photons of ~ 10 MeV energy. Some of the pho-
tons are converted to electrons and positrons in a thin tar-
get. The polarization of the positrons, and of the photons,
are measured in polarimeters based on Compton scattering
of photons in magnetized iron.

Figure 3: The helical undulator during installation. The
undulator bore has an ID of 0.8 mm.

method, they must first be reconverted to photons in a thin
target. Figures 7 and 8 show the photon and positron po-
larimeters during installation.

RESULTS

The experiment collected data during June and Septem-
ber 2005. Figure 9 shows the photon signal in the central
Csl detector from converted positrons from single electron
beam pulses with the undulator off and on. Figure 10 shows
a preliminary analysis of the asymmetry of the positron sig-
nal upon reversal of the magnetic field in the analyzer mag-
net. The results are consistent with a peak positron polar-
ization in excess of 80%.
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Figure 4: (&) The photon number spectrum of undula-
tor radiation, integrated over angle, for electron energy
E. = 50 GeV, undulator period A\, = 2.4 mm and un-
dulator strength parameter K = 0.17. The peak energy
E; of the first harmonic (dipole) radiation is 9.62 MeV. (b)
The polarization P, of the undulator radiation as a function
of energy.
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Figure 5: Calculated positron longitudinal polarization as
a function of energy. The solid lines are polarization aver-
aged over a 0.5-MeV energy slice. The dip in the polariza-
tion at 8.7 MeV is due to the corresponding dip in photon
polarization at 9.6 MeV as seen in Fig. 4(b).

ILC POSITRON SOURCE

Following preliminary reports of the successful demon-
stration in E-166 of undulator-based production of polar-
ized positrons, this concept has been adopted as the base-
line positron source for the ILC [4]. A conceptual imple-
mentation of this scheme is shown in Fig. 11.
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Figure 6: Conceptual layout of the E-166 positron gener-
ation and photon and positron diagnostic systems. Typical
rates are shown at various locations in the apparatus.

Figure 7: The photon transmission polarimeter during in-
stallation. The blue object is the iron-core solenoid whose
magnetization is reversed periodically.

Figure 8: The positron spectrometer and transmission po-
larimeter during installation. The positron production tar-
get is mounted in front of the focusing solenoid on the left.
The iron-core solenoid and the Csl detector are at the upper
right. Between is the magnetic spectrometer.
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Figure 9: Comparison of the signal in the central Csl crys-
tal for single electron beam pulses with undulator on and
off. One ADC count is approximately 1.7 MeV.
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Figure 10: Preliminary analysis of the positron asymmetry
as a function of spectrometer current (100 A = 4.5 MeV).
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Figure 11: Scheme of the undulator-based source of polar-
ized positrons for the ILC [4].



