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Polarization of a stored beam by spin filtering
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Abstract. In 2011 the PAX Collaboration has performed a successful spin-filtering test
using protons at T p = 49.3 MeV at the COSY ring, which confirms that spin filtering
is a viable method to polarize a stored beam and that the present interpretation of the
mechanism in terms of the proton-proton interaction is correct. The equipment and the
procedures to produce stored polarized beams was successfully commissioned and are established. The outcome of the experiment is of utmost importance in view of the possible
application of the method to polarize a beam of stored antiprotons.

1 Introduction
Polarized antiprotons allow unique access to a number of fundamental physics observables. One example is the transversity distribution which would be directly measurable via Drell-Yan production in
double polarized antiproton-proton collisions (Fig. 1). This and other observables, which are accessible via ~p ~p̄ scattering experiments [1], led the Polarized Antiproton eXperiments (PAX) collaboration
to propose such investigations at the High Energy Storage Ring (HESR) of the Facility for Antiproton
and Ion Research (FAIR)[1].
Figure 1: The Drell-Yan process in protonantiproton interaction. A valence quark from the
proton annihilates with a valence antiquark of the
antiproton and the generated virtual photon eventually decays into a lepton-antilepton pair.
Polarizing an originally unpolarized beam of spin- 1/2 particles is feasible either by selectively reversing the spin of particles in one spin state (“spin flipping”) or by selectively discarding particles in one
spin state (“spin filtering”) (Fig. 2). In a recent experiment performed at COSY in Jülich, however, the
e~p spin-flip cross sections were shown to be too small to allow for the efficient production of polarized
antiprotons [2].
Spin filtering using the spin-dependent part of the nucleon-nucleon interaction is the only experimentally demonstrated viable method to polarize antiprotons. After the first experimental evidence with a
23 MeV proton beam at the TSR ring in Heidelberg [3], an additional measurement, has been recently
performed at the COSY storage ring to provide an independent confirmation of the method and of its
present theoretical interpretation [4–6].
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Figure 2: The two possible ways to polarize a beam of spin- 1/2 particles in a storage ring are spin
flipping (left panel) and spin filtering (right panel).

2 Principle of measurement
The spin-filtering method is based on the spin-dependent part σ1 of the total hadronic cross section [7],
σtot = σ0 ± σ1 · Q,

(1)

where σ0 is the spin-independent part and Q is the nuclear polarization of the target. The positive
(negative) sign denotes parallel (antiparallel) orientation of the spins of beam and target protons. As
a consequence of the interaction, the intensity of the spin-up (N ↑ ) and spin-down (N ↓ ) protons in the
ring decreases exponentially with different time constants leading to a polarization buildup as function
of time
!
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The spin-dependent effective polarization buildup cross section σ̃1 can be extracted from the observed
time constant τ1 of the buildup rate via
dP
1
≈
= σ̃1 Qdt f
dt
τ1

(3)

where dt is the target areal density in atoms/cm2 , f the particle revolution frequency [8]. σ̃1 accounts
for the fact that only protons scattered at angles larger than the acceptance angle of the storage ring
Θacc contribute to the spin-filtering process σ̃1 = σ1 (Θ > Θacc ).

3 Experimental setup
The COSY accelerator and storage ring with the installations utilized in the investigation is shown in
Fig. 3. The two main components of the experimental apparatus used for the measurement are the polarized hydrogen gas target [9, 10] making use of a storage cell, installed at the PAX interaction point, and
the beam polarimeter. Beam polarimetry has been
accomplished by detecting elastically scattered protons off a deuterium cluster target [11] by means of
two silicon tracking telescopes [12]. By means of an
intensive program of machine development studies
(described in [13]) a beam lifetime of 8000 s could
be achieved at beam energy T p = 49.3 MeV. Phase
space cooling of the stored beam is achieved by the
electron cooler [14]. The use of a spin-flipper allows
to reverse the vertical polarization of the beam.
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Figure 3: The COSY storage ring. The polarized hydrogen target is installed in one of
the straight sections of the ring. The electron cooler followed by the beam polarimeter are installed in the opposite straight section.
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4 Spin filtering cycle
To perform the spin-filtering experiment, a dedicated spin-filtering cycle has been implemented according to the following scheme:
• An unpolarized proton beam is injected in the COSY ring at a beam energy of 45 MeV. The beam is
cooled and subsequently accelerated to 49.3 MeV. This energy has been chosen for the spin-filtering
experiments, because of existing data of the analyzing power in proton-deuteron elastic scattering.
• At this point the spin-filtering starts. Polarized hydrogen is injected into the storage cell at the PAX
interaction point. The holding field coils, orienting the target polarization, are powered on in either
up or down orientation for the duration of the spin-filtering period. Two different spin-filtering
periods have been adopted: one lasting for 12000 s, and a longer one of 16000 s, corresponding to
about 1.5 and 2 times the measured beam lifetime (8000 s).
• At the end of the spin-filtering period, the PAX polarized target is switched off, the ANKE
deuterium-cluster target is switched on and the data acquisition of the beam polarimeter starts. The
beam polarization is determined by measuring the left-right asymmetry in ~pd elastic scattering as
explained in [15]. Reversing the beam polarization during this period allows for the determination
of the induced beam polarization within each cycle, thereby reducing systematic errors.

5 Results
The spin-filtering cycles have been repeated for the up and down directions of the target holding field.
The beam polarization obtained from spin-filtering cycles of different length for the two target spinorientations is presented in Fig. 4 (left panel). In order to investigate fake asymmetries as possible
sources of systematic errors, the same analysis procedure has been applied to the zero measurement
(filter time = 0 s), where no spin-filtering took place and no polarization was induced in the beam. This
measurement can be interpreted as a determination of the systematic error of the beam polarization.
−7 −1
A linear fit to the five points shown in Fig. 4 allows us to determine dP
dt = (4.8 ± 0.8) · 10 s . By
making use of the measured polarization buildup and additional information like target polarization
and density, and beam revolution frequency, the effective polarizing cross section has been derived
[8]:
σ̃meas
= −23.4 ± 3.9 (stat.) ± 1.9 (syst.) mb
(4)
1
The spin-dependent cross-section measured at COSY is presented in Fig. 4 (right panel) together with
the other existing measurement performed by the FILTEX collaboration [3, 16]. The solid line represents the theoretical prediction from the nucleon-nucleon interaction. The good agreement between
measurement and theory confirms that spin-filtering of a stored proton beam is well-described taking
into account the contributions from proton-proton scattering.

6 Summary
The PAX Collaboration has successfully completed a spin-filtering experiment using a beam of protons at COSY. The measurement confirms that spin-filtering can be effectively used to polarize a
stored beam in situ and that our understanding of the mechanism in terms of the proton-proton interaction is correct. The achievement is of fundamental importance in view of the possible application
of the method to polarize a beam of stored antiprotons. In this respect, the existing theoretical predictions for the polarization buildup with antiprotons are affected by the lack of knowledge of the
proton-antiproton interactions. For this reason, a direct measurement of the polarizing cross sections
in proton-antiproton interactions constitutes an inevitable step towards the design of a dedicated polarizer ring.
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Figure 4: Left panel: Polarization induced in the beam after filtering for different times and different
signs of the target polarization. The induced polarization in the beam has the same sign as the target
polarization, reflecting the negative sign of the polarizing cross section. A linear fit (dashed lines)
to the five points yields dP
dt . Right panel: Measured spin-dependent polarizing cross section for the
interaction (only statistical errors are shown). The solid line represents the prediction from the SAID
database [17]. The prediction are basically independent from the ring-acceptance in the interval of
values interested by the TSR and COSY rings.
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