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Abstract. An overview on the present understanding of the methodsltsipe an antiproton beam

is given and the planned measurements on spin filtering atYC&»@ AD rings with protons and
antiprotons are described. The experimental setup whihiigy prepared for these measurements
is described and focus is given on the polarized interngktar
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INTRODUCTION

The high physics potential of experiments with stored heglergy polarized antiprotons
led to the PAX proposal[1] for the High Energy Storage Ring (HESR) of the FAIR
facility (Facility for Antiproton and lon Research) at G grmstadt/Germany). It is
proposed to polarize a stored antiproton beam by spin filjexith a polarized hydrogen
(deuterium) gas target. The feasibility of spin filteringsH@een demonstrated in the
FILTEX experiment [2]. The theoretical understanding @& tollision of an (anti)proton
beam with a polarized hydrogen (deuterium) target is ctdoiathe success of the
spin-filtering technique. However, there exist two compgtheoretical interpretations:
one with substantial spin filtering of (anti)protons by pad electrons [3], while the
second one suggests a self-cancellation of the electrotrilmation to spin filtering
[4] [5] leaving only the hadronic contribution. In order ttadfy this situation several
experimental studies with protons (at COSY/Julich) as wasllwith antiprotons (at
AD/CERN) have to be carried out. These investigations megam experimental set-up
of a polarized internal gas target (PIT) with a system ofc8iti detectors implemented
into a large acceptance section of the magnetic lattice.

HOW TO POLARIZE ANTIPROTONS

Several methods to polarize antiprotons were reviewed akiveps held in Bodega
Bay, April 18-21, 1985 [6] and in Daresbury, UK, August 29-2007. All the possible
methods are based on two mechanisms: selective flip andiseless (Fig. 1) [7].

The first mechanism includespin transfer by co-moving polarized electrons or
positrons [8][9]. It is not yet shown if the relevant cross section ibstantial. This
needs further theoretical evaluation and will be tested@8¥ soon. Another method

1 PAX - Polarized Antiproton eXperiment: http://www.fz-jlieh.de/ikp/pax/
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FIGURE 1. Two principles to polarize an (anti)proton beam [7].

is Dynamic Nuclear Polarization (DNP) in flight with co-moving polarized electrons or
positrons. Antiprotons and positrons remain unbound arschiot clear if a double spin
flip occurs at a sufficient rate.

The second mechanism includes polarization of an antipie¢am viestern-Gerlach
separation. Theoretically this seems to be impossible due to averagiferts in a
stored beam [10]. Another method is polarizationdgnnelling trough bent crystals
[11]. Although unpolarized channelling works [12] it is n@ear if polarization can be
achieved with this method. Experimental tests are needwsel only successfully tested
method is spin filtering.

PRINCIPLE OF SPIN FILTERING

Spinfiltering is based on the effect of selective removabatijprotons of a stored beam
by a polarized target. The total cross section

Giot = 0o+ 0, P-Q+0)(P-k)(Q-K) 1)

consists of a transverse and longitudinal part, wieigthe proton beam polarization,

Q the target polarization ankl the proton beam direction. For initially equally popu-
lated state§ (m= +%) and| (m= —%) the total cross sections for the transverse and
longitudinal cases are

Gihe=0ot0.Q and oly, = 0o+ (0, +0))-Q, (2)

respectively. Therefore an initially unpolarized (antgtmn beam will become polarized.

Experiments at the Test Storage Ring (TSR) at Heidelber®@@8 1Fig. 2) showed
that spin-filtering technique works in principle [2]. Althgh a polarization buildup was
observed (Fig. 2, right panel), the interpretation of tesuit is ambiguous. The observed
cross section iz, = 72.5+5.8 mb. In 1994 Horowitz and Meyer explained this result
by three effects [3]:

« Selective scattering of protons out of the acceptance dfttirage ring
« Scattering of target protons into the acceptance of theagéoring
« Spin transfer from polarized target electrons
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FIGURE 2. The setup of the test experiment at TSR and the results [2].

The combined cross section calculated by Meyer and Horasviiz = 65mb. In con-
trast to this, Milstein and Strakhovenko [4], as well as Nelewy and Pavlov [5] showed
recently that by considering pp-scattering only, a totaksrsection o0&, = 85.6 mb is
obtained. Both values are compatible with the experimestallt.

The conclusion is that there are further experimental testessary to disentangle the
effects of electrons and nucleons for the polarizationdugl process. Depolarization
[13] [14] as well as spin-filtering experiments [15] will barcied out at COSY (Julich)
with protons, followed by spin-filtering experiments withtgrotons at the Antiproton
Decelerator Ring (AD/CERN) [16].

Required for the spin-filtering experiments is a highly pizkad internal gas target
with areal densities of up to 1Batoms'cn? using a storage cell. A loys- section is
necessary to be able to pass the stored (anti)proton beauogththe storage cell and to
reduce the coulomb losses in order to achieve long storagstof several hours. It is
expected that nuclear polarized deuterium could be eqatiigtive for spin filtering as
hydrogen. Therefore the target should run with hydrogendmderium with electron
and nuclear polarization in variable target holding fieBsecause no analyzing power
measurement foraﬁscattering exists at this energy range, the target gaschas t
exchanged with hydrogen in order to measure the antiproté@mbpolarization. For
longitudinal spin filtering a Siberian snake has to be imm@etad in order to preserve
the polarization of the beam.

EXPERIMENTAL OVERVIEW

The setup of the spin-filtering experiments consists of ammAi¢ Beam Source (ABS)
to produce polarized target gas, a target chamber withgearall and detector system
to detect forward and recoil (anti)protons. A so-callediBRabi Polarimeter (BRP) is
used to measure the polarization of the target gas. ABosection consisting of 4(6)
magnets is necessary for the measurements at COSY (AD)ifildider to decrease the
transverse size of the (anti)proton beam. This is desigmatié interaction point TP 1 at
COSY (Fig. 3), and for one of the straight sections at AD. Bagitudinal spin filtering
at COSY the solenoids of WASA and the electron cooler locatéle opposite straight



FIGURE 3. The Cooler Sychrotron (COSY) at Forschungszentrum Jilich.

section can be used as a Siberian snake, but for AD, an adlisoake is required.

The Atomic Beam Source

The former HERMES-ABS [20] (schematic view in Fig. 4) was getin Jlich
with a modified vacuum system, mounted on a new support. Tyx@genic pumps
were replaced by turbo molecular pumps and an oil-free mmeym system. It was
completely recabled to allow a fast assembly and disasseatfCOSY and AD, and
the control system was renewed to allow for a full remote @ntia computer. The
vacuum system with the microwave dissociator is operatiely Whe achieved pressures
(Table 1) show that the new vacuum system is functioning #isipated. None of the
big turbo pumps run into their compression limit. After ctsastion of a new analysis
chamber with QMS and a calibrated compression tube the fiteshsity measurements
were carried out. The measurements showed intensities o6 @p 10'atoms's for
hydrogen in two hyperfine states. The ABS will be able to poedouclear polarized
hydrogenor deuterium beams in short sequence (5 min) without mechiashieages of
components.

TABLE 1. Pressuresin mbarin the ABS after a few days of pumping (I& GQauge). The pressures
in line 3 and 4 are kipartial pressures for 90 sccm (1.5 mbarl/s) hydrogen gas flow

Pirani1 Pirani 2 IG1 IG 2 IG 3 IG 4 IGCT
base pressure -30*4 1.10°% 1.8.107 39.-10% 26-107 33.107 1.9.10°
with gasinlet 2102 3.102 36-10* 4.0-10° 19.10°% 72.107 96-10°

Dissociator
running 2102 3.102 40-10% 95.10° 27.106 15.10°% 1.2.10*
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FIGURE 4. A schematic view of the setup of the polarized internal targe

Storage Cell and Silicon Detectors

Since spin filtering requires areal densities in excess &fat@mgcn?, the use of
a storage cell is mandatory. The present cell design cenefsb um Teflon walls
supported by an aluminum frame (Fig. 5), similar to the cellign of PINTEX [18]
[19]. Thin walls allow low energy recoil particles to passdahgh and be detected
by the Silicon Tracking Telescopes (STT's). Teflon also sapges depolarization and
recombination of the target gas inside the cell. The celltbdse openable to provide
enough space for the beam during injection at AD. The cell el closed after the
beam is decelerated and cooled. Subsequently the targét ggscted. Longitudinal
and transverse weak holding field coils, included in the giesif the cell provide
the quantization axis for the polarized atoms. A strong imgldield is necessary to
produce pure electronic or nuclear polarization of thegbgas in order to disentangle
the effect of polarized electrons and nucleons. For thesssarements an additional
superconducting Helmholtz coil (B 3 kG) will be installed.

The beam polarization will be measured by using pp (p @telacattering. To this
aim a detector system consisting of 12 STT’s will be impletadraround the target cell
(Fig. 5). The telescopes will detect both the low energy itquarticles (< 8 MeV) as
well as the forward scattered particle with a large angut&ecage and high resolution.



FIGURE 5. Preliminary design of the openable storage cell with surding detectors.

In addition the proton polarization of the target can be mess with the initially
unpolarized (anti)proton beam. This allows for the caliloraof the target polarimeter.

TheBreit-Rabi Polarimeter

A BRP is required because of the inability of the detectoitesysto measure the
electron polarization of the target gas. It is also necgsgamdetermine the nuclear
polarization of deuterium at the AD because of the unknowadyaing power for pd
scattering.

The former HERMES-BRP [21] (schematic view in Fig. 4) wasui#bon a new
support stucture with modifications due to the new configomavith the ABS. Tracking
calculations lead to a modified sextupole magnet configurat adjust for the higher
temperature of 300 K of the effusive hydrogen/deuteriunmbeat of the uncooled
storage cell; at HERMES the cell was at 100 K. In addition a sang field transition
“Dual Cavity” was designed in order to induce transitionsateen hyperfine levels of
hydrogen and deuterium. For this purpose two differentfesgies are used, one for
hydrogen and one for deuterium, respectively. Since ttangtfield transition cavity
is mechanically tuned to these frequencies two differeispa rods were installed to
operate the transition unit with both frequencies in seqaehhe cavity was constructed
and tested with a spectrum analyzer. A test with an atomimbe#l be carried out in
the spring of 2008.
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FIGURE 6. A schematic view of the target section including the charslvéth the magnets of the
low- section and the target chamber.
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Vacuum at the Target section

A schematic view of the target section is shown in Fig. 6. Thewum system of
the target section comprises two turbo molecular pumpsgdahavith smaller turbo
molecular pumps and a dry forevacuum pump. This will ensaé rnost of the target
gas exiting the storage cell is pumped away in the target bbearihe adjacent chambers
containing the magnets of the lo@/section will be pumped by ion getter pumps. In
addition, the cold surfaces of the superconducting magarets€overed with charcoal
to use them as cryogenic pumps. The cryopumps have to beereged using bypass
lines to the turbomolecular pumps of the target chamberwmacun order to reduce
the gas load on these cold surfaces, flow limiters will bealtestl between the target
chamber and the magnet chambers. These flow limiters hawe adjbstable to match
the different beam diameters during injection and aftetingo

PLANNED MEASUREMENTS

A first set of measurements is planned to be carried out at CQifi¥h. They include
depolarization measurements with an initially polarizedtpn beam interacting with
the electrons in the cooler. The aim of these measurementsdstermine the spin
transfer cross section at different energies [13] [14].s®gjuently to these depolariza-
tion studies, spin-filtering measurements with an inialhpolarized proton beam and
a pure electron polarized hydrogen target or a pure nucldariped target in a strong
holding field to determine the individual polarization lalip effect due to the electrons
and nuclei will be carried out [15].

A second set of measurements is planned at AD/CERN. Thekdirgittly investigate
the mechanism of the spin filtering process with an antipraiam [16].



ACKNOWLEDGMENTS

We gratefully acknowledge the generous support of the memagt of the
Forschungszentrum Julich, the BMBF (06ER144) and thealtalstituto Nazionale
di Fisica Nucleare (INFN).

REFERENCES

=

Antiproton-Proton Scattering Experiments with Polarization, Technical Proposal for the HESR at

FAIR, Julich (2005), e-Print Archive: hep-ex/0505054

F. Rathmann et alBhys. Rev. Lett. 71, 1379 (1993).

C. J. Horowitz and H. O. MeyelPhys. Rev. Lett. 72, 3981 (1994).

A. |. Milstein and V. M. Strakhovenkdhys. Rev. E 72, 066503 (2005).

N. N. Nikolaev and F. Pavlo8pin Filtering of Sored (Anti)Protons: from FILTEX to COSY to AD to

FAIR (2007), e-Print Archive: hep-ph/0701175

AIP Conference Proceedini45 (1986).

H. O. Meyer, Workshop summary Bblarized Antiprotons- How?, Workshop, Daresbury, UK, August

29-31 2007 to be published (2007).

8. Th. Walcher, H. Arenhdvel et al., ePriarXiv 0706.3765 [physics.acc-ph] (2007).

9. K. Aulenbacher, talk on this conference, published is tulume (2007).

10. D. Barber, Stern-Gerlach forces and spin splitter®ahéirized Antiprotons - How?, Workshop,
Daresbury, UK, August 29-31 2007 to be published (2007).

11. M. UkhanovAlP Proceedings of the 17th Int. Spin Physics Symposium, Kyoto 2006, 940 (2007).

12. W. Scandale et aBhys. Rev. Lett. 98, 154801 (2007).

13. Do unpolarized electrons affect the polarization of a stored proton beam? Proposal to COSY, Jilich
(2006), available at http://www.fz-juelich.de/ikp/pax/

14. Measurement of the depolarizing proton(pol)-electron cross section using co-moving electrons. Pro-
posal to COSY, Jiilich (2007), available at http://wwwieljch.de/ikp/anke/en/proposals.shtml.

15. Spin-Filtering Studies at COSY, Letter of Intent, Jiulich (2006), available at http://wwzw.
juelich.defikp/pax/.

16. Measurement of the Spin-Dependence of the p Interaction at the AD-Ring, Letter of Intent, Jilich
(2005), available at http://www.fz-juelich.de/ikp/pax/

7. A. Garishvili for the PAX Collaboration, talk on this demence, published in this volume (2007).

18. A. Dezarn et alNucl. Instrum. Meth. A 362, 36 (1995).

19. A. Dezarn et alNucl. Instrum. Meth. A 362, 189 (1995).

20. A. Nass et alNucl. Instrum. Meth. A 505, 633 (2003).

21. C. Baumgarten et aNucl. Instrum. and Meth. A 482 606 (2002).

ok

No



