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Polarized antiprotons would open a new window in hadron physics providing access to a wealth of single and double spin
observables in proton-antiproton interactions. The PAX Collaboration aims to perform the first ever measurement of the
spin-dependence of the proton-antiproton cross section at the AD ring at CERN. The spin-dependence of the cross section
could in principle be exploited by the spin-filtering technique for the production of a polarized antiproton beam. As a
preparatory phase to the experimentation at AD, the PAX Collaboration has initiated a series of dedicated studies with
protons at the COSY-ring in Jülich (Germany), aimed at the commissioning of the experimental apparatus and
confirmation of the predictions for spin-filtering with protons.

1.

Introduction

The physics potential for QCD experiments with highenergy polarized antiprotons is enormous, but until now
many experiments have been impossible owing to the
lack of a high-luminosity beam. This situation could
change with the advent of a stored beam of polarized
antiprotons and the realization of a double-polarized,
high-luminosity antiproton-proton collider. The
collaboration for Polarized Antiproton Experiments
(PAX) has already formulated the physics programme
that would be possible with such a facility [1].
Following studies with proton beams at COSY (FZJülich, Germany), it is planning to make the first
measurements with polarized beams at CERNs
Antiproton Decelerator (AD), which is currently the
words only stand-alone antiproton storage facility.
2.

Physics case for polarized antiprotons

Should the investigation for the production of polarized
antiprotons beams be successful, a natural
implementation of polarized antiprotons might be
foreseen at the FAIR facility (Darmstadt-Germany). The
PAX Collaboration has suggested to convert the HESR
ring into an asymmetric polarized proton-polarized
antiproton collider to study double polarized protonantiproton reactions.
The physics case for experiments with polarized
antiprotons comprises:
Double polarized antiproton-proton Drell-Yan
reactions, which are entirely dominated by the
annihilation of the valence quark in the proton with
the valence antiquarks in the antiproton. The
measured double spin-asymmetry ATT will allow
the first direct measurement of the still
undetermined leading order (twist 2) transversity
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distribution function of the nucleon. No other
existing or planned facility will ever be able to
measure the transversity in a competitive way
directly [2].
Measurement of the moduli and absolute phases of
the electromagnetic form-factors in the time-like
region, providing an independent way of testing the
Rosenbluth separation in the time-like region [3, 4].
Measurement of the double-polarized protonantiproton hard scattering to be compared to the
analogue pp measurement. The asymmetry of
which represents one of the largest ever measured
asymmetry in hadron physics, and for which a
theoretical interpretation is still missing
Hadron spectroscopy studies and searches for
exotic new states like glueballs or hybrids will
benefit from polarization of beam or target
particles, because the initial spin state of the system
can be prepared at will.
The overall machine layout of the HESR complex,
schematically depicted in Figure 1, consists of:
An Antiproton Polarizer Ring (APR) built inside
the HESR area with the crucial goal of polarizing
antiprotons at kinetic energies around 50-250 MeV,
to be accelerated and injected into the other rings.
A second Cooler Synchrotron Ring (CSR) in which
antiprotons can be stored with a momentum up to
3.5 GeV/c.
By deflecting a proton beam stored in the HESR
with a momentum up to 15 GeV/c into the straight
section of the CSR, a double polarized protonantiproton collider becomes feasible with a
maximum reachable center of mass energy of
15 GeV/c2.

Figure 1. Proposed accelerator layout to convert the HESR into a
double-polarized proton-antiproton collider. Polarized antiprotons are
produced in the Antiproton Polarizer Ring (APR) and then injected in
the Cooler Synchrotron Ring (CSR). Polarized Proton will circulate in
the HESR.

3.

The mechanism of spin-filtering

The experimental approach adopted by the PAX
collaboration to produce a beam of polarized
antiprotons is based on spin filtering, a technique that
exploits the spin dependence of the strong interaction
between a stored beam and an internal polarized proton
target. The total cross-section, , depends on the relative
orientation of the spins of the colliding particles, i.e.
( )
( ). This translates in different lifetimes for
the up and down spin-populations of the stored beam,
which in turns originates a polarized beam (Figure 2). It
can be demonstrated that the ideal spin-filtering time
required to optimize the statistics in the following
exploitation of the obtained polarized beam equals two
beam lifetimes. The method was shown to work in 1992
with protons in a 23 MeV beam stored in the Heidelberg
Test Storage Ring, which passed through a polarized
hydrogen gas target [5].
In contrast to the protonproton system, the
experimental basis for predicting the build-up of
polarization in a stored antiproton beam by spin filtering
is practically nonexistent. It is therefore a high priority
to perform a series of dedicated spin-filtering
experiments using stored antiprotons together with a
polarized target, which the PAX collaboration is aiming
to undertake at the AD ring at CERN [6]. The AD is a
unique facility at which stored antiprotons in the
appropriate energy range are available with
characteristics that meet the requirements for the first
antiproton polarization build-up studies. (In 2009, the
European Research Council awarded an Advanced
Grant to the Jülich group to pursue these studies at the
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Figure 2. Spin-filtering exploits the spin-dependence of the protonantiproton interaction by repeated passage of a stored beam through an
internal polarized gaseous target. The different cross sections for
parallel vs antiparallel spin-configurations for beam and target
originate different lifetimes for the up and down spin populations of
the stored beam which in turn, after some time, translates in a
polarized stored beam.

AD).Once an experimental protonantiproton data base
is available, work can begin to design a dedicated
polarized antiproton ring. The Jülich group has made
predictions for the spin dependent cross-sections for the
expected build-up of polarization in an antiproton beam
[7-9]. In addition, a group from the Budker Institute for
Nuclear Physics, Novosibirsk, has recently generated
estimates on the basis of a Nijmegen protonantiproton
potential. These indicate that antiproton beam
polarizations of 0.15-0.20 (spin filtering with transverse
target orientation) and 0.35-0.40 (longitudinal) might be
expected [10].
Figure 3 illustrates schematically the proposed
experimental set-up for the experiments at AD.

Figure 3. Proposed PAX installation for the AD straight section
between injection and electron cooling. The beam moves to the left.
The AD quadrupole magnets (red) define the upstream and
downstream boundaries of the low- insertion, which consists of two
long straight sections, two short arc-quadrupole magnets from COSY
(yellow) and two quadrupole magnets from CELSIUS (blue). The
atomic beam source is mounted above the target chamber. The BreitRabi polarimeter and Target Gas Analyser are mounted outwards of
the ring.

4.

Preparatory studies at COSY

For efficient commissioning of the equipment required
for measurements at the AD, in the period AugustOctober 2011, the PAX collaboration has performed
polarization build-up studies using stored protons at the
Cooler Synchrotron (COSY) at Jülich [11]. Because the
spin dependence of the proton-proton interaction is well
known at energies where electron cooling is available at
COSY (up to 130 MeV), details of the polarization
build-up process can also be studied.
4.1. Experimental setup
An overview of the COSY ring, showing the various
components of the experimental setup used in the
measurement is given in Figure 4. The complete
experimental setup for spin-filtering studies is
composed by three main parts: a low- section, an
internal polarized gaseous target with a storage cell and
a beam polarimeter.

Figure 4. In the straight section the COSY ring, opposite to the
electron cooler, the PAX polarized target installation is located, the RF
solenoid of the spin-flipper is located in one of the arcs, its use is
further clarified in the text of the report. Behind the electron cooler the
detector setup for the beam polarimetry is shown.

PAX target chamber and put into operation. The pump
has been realized by a battery of NEG cartridges. By
means of a calibrated H2 gas inlet a pumping of l/s has
been measured, according to design specifications.
The use of the pump during COSY operation
allowed us to achieve a target chamber pressure in the
10-10 mbar range without gas load from the ABS and in
the low 10-8 mbar range with H gas injected from the
ABS in one hyperfine state (3 · 1016 H atoms/s).
Proton beam polarization is measured by means of
the polarimeter installed at the ANKE interaction at
COSY. Beam polarimetry is accomplished by making
use of the analyzing power in proton-deuteron elastic
scattering. For this purpose two three-layer silicon
detectors are employed to detect the elastically scattered
particles in the interaction between the stored proton
beam and the ANKE deuterium cluster target (Figure 5).

Figure 5. Experimental setup for the measurement of the beam
polarization. The cluster target beam comes from the top and crosses
the polarized proton beam stored in the machine .

4.2. Spin-filtering measurements
The quadrupole magnets for the low- insertion of
PAX at COSY were installed during the summer
shutdown in 2009. During a beamtime in early 2010, the
-functions at the location of the PAX quadrupoles were
measured. The calculated and measured values at the
location of the quadrupoles match very well: the model
calculations suggest that -functions of x around
0.38 m and y around 0.36 m were reached.
The polarized internal target, consisting of an
atomic beam source and a Breit-Rabi type target
polarimeter, has been commissioned at COSY in
summer 2010 and is described in Ref. [12].
During the 2011 summer shutdown, a new NEG
pumping system, designed and constructed in the FZJIKP mechanical workshop, has been installed below the
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A typical spin filtering cycle is represented in Figure 6.
The sequence of operations in a spin-filtering cycle is as
follows:
The unpolarized proton beam is injected in the
COSY ring at 48 MeV. The beam is cooled and
accelerated to an energy of 49.3 MeV for the
measurement. As mentioned already, the
experimental energy has been chosen because of
the existing data of the pd analyzing power. The
typical number of particles injected and accelerated
for every cycle was 5 · 109;
At this point the spin-filtering cycle starts.
Polarized gas is injected into the storage cell at the
PAX interaction point and the holding field coils
are powered. The typical duration of a spin-filtering

cycle was 2 beam lifetimes, corresponding to a total
spin-filtering time of s.
At the end of the spin-filtering period, the PAX
polarized target was switched off, and the ANKE
deuterium cluster target and the data acquisition of
the beam polarimeter were started. During the beam
polarization measurement the beam polarization has
been reversed twice by using the spin-flipper. This
allows the determination of the induced beam
polarization for every cycle, thereby reducing
systematic errors. The total duration of the
polarization measurement was 2500 s.
Spin-filtering cycles have been repeated for
different directions of the target holding fields. A total
of spin-filtering cycles with different orientations of the
target holding field have been performed and more than
deuterons and elastically scattered protons events have
been recorded. Given the higher analyzing power of the
scattered protons, a comparable contribution to the
statistical error of the final result is expected for the two
samples.

Figure 6. Picture taken from an online monitor of the COSY control
room representing a spin-filtering cycle. At the end of the cycle the
trigger rate can be noticed together with the two points in time where
the spin flipper was activated.

In order to provide a zero polarization calibration of the
detector, a series of cycles without spin-filtering has
been carried out in addition. To be as close as possible
to the experimental conditions of a standard filtering
cycle, the zero-measurement cycle reflected exactly the
same sequence of operations, differing only in the
number of injected particles) and the duration of the
spin-filtering part (s). A total number of cycles of this
type have been collected, so that the acquired statistics
is twice as large as the one of the spin-filtering
measurements.
At the end of the beam time, analysis of the
acquired data has started and is presently ongoing.
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5.

Conclusions

Polarized antiprotons are a missing tool for hadron
physics. The PAX Collaboration has committed to the
task of producing the first ever beam of polarized
antiprotons by means of spin-filtering, exploiting the
spin-dependence of the hadronic interaction. For this
reason a series of spin-filtering measurements at COSY
has been performed. The data analysis is presently
ongoing. After the completion of the preparatory and
commissioning phase with protons at COSY, the
Collaboration is planning to measure the spindependence of the proton-antiproton interaction at the
AD ring at CERN. Only after an experimental proton
antiproton data base is available, work can begin to
design a dedicated polarized antiproton storage ring.
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