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The goal of the P349 experiment is to test whether the antiproton production process can be itself a source of antiproton polarization. In this
article, we present the motivation and details of the performed measurement. We report on the status of the analysis focusing mainly on calibration
of the drift chambers and 3d track reconstruction.
DOI:10.5506/APhysPolB.48.1983

1. Introduction
Successful experiments with proton beams of energies in the range of
a few GeV have been performed since 1950s while the first polarized proton
beam was accelerated at Zero Gradient Synchrotron operated between 1964
and 1979 [1]. For the time being, except for the effortful spin filtering [2, 3],
no method for the production of a well-defined polarized antiproton beam
with high intensity is available. Some of proposed solutions were already
discarded due to expected low-beam intensities or low degree of polarization.
In other cases, lack of experimental data (especially the spin-dependent part
of the total antiproton–proton scattering cross section) makes it impossible
even to estimate the expected efficiency of the proposed method [4].
If antiprotons had a non-zero polarization degree when produced, the
preparation of a polarized antiproton beam would be relatively easy. However, until now, there were no dedicated experimental studies of this possibility. The goal of the P349 experiment is to test whether the production
process can be itself a source of antiproton polarization [5, 6].
2. Experimental setup
The experiment was performed at the T11 beamline of the CERN/PS
complex. Antiprotons were produced in the reaction pp → p̄ppp by bombarding a solid target with an unpolarized proton beam of momentum equal
to about 24 GeV/c. The experimental setup is presented in the Fig. 1.
3. Analyzing reaction
The scattering cross section of a transversely polarized beam is given by
σ(φ) = σ0 (1 + Ay P cos φ) ,

(1)

where σ0 denotes the unpolarized cross section, P stands for polarization
and Ay is the analyzing power. In the Coulomb Nuclear Interference region,
Ay is known from experiments and theoretically calculable. The maximum
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Fig. 1. The scheme of the detector arrangement in the horizontal plane. The beam
comes from the right side and it was scattered on a liquid hydrogen target. The
setup consisted of scintillators for triggering purposes and time-of-flight measurement, a set of three drift chambers for precise 3d track reconstruction (D1, D2 [7],
HEX [8]), a Cherenkov detector for online pion background reduction, a DIRC for
offline particle identification and fiber hodoscope for beam monitoring. The total
angular range covered by the system is about 150 mrad (horizontally as well as
vertically) and the relevant scattering angle for the asymmetry measurement is
about 20 mrad.

analyzing power equal to about 4.5% is reached for a squared four momentum transfer equal to t = −0.0037 (GeV/c)2 in high-energy elastic pp collisions [9]. For antiproton scattering, the value is the same but with opposite
sign.
In the P349 experiment, the antiprotons momentum spectrum was peaked
around 3.5 GeV/c. According to preliminary calculations for lower antiproton momenta down to 5 GeV/c [10], the analyzing power for elastic
antiproton–proton scattering is expected to be comparable to the highenergy data at laboratory angle between 10 to 20 mrad.
4. Drift chambers calibration
The calibration is performed iteratively on a sample of events in which
all layers of the D1 drift chamber had a signal in exactly one drift cell.
First, the drift time spectra offsets are determined and initial drift time
— space relations are obtained with the homogeneous irradiation method
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(see left part of Fig. 2). Based on them, the hit positions are calculated
and the 3d straight tracks for all events are reconstructed. Tracks used in
the calibration procedure for a certain layer are obtained without including
information from the considered layer (unbiased fit). In order to determine
the corrected drift time — space relation the histograms of the residuals, the
differences between wire-track and wire-hit distances, are prepared for each
layer. In these histograms, for each drift time bin, a projection is made onto
the distance axis and a Gaussian function is fitted. For a single time bin,
the calibration curve is shifted by the mean value obtained from the fit and
one standard deviation of the fitted Gaussian function is considered as the
uncertainty of the position determination for the drift times belonging to
this bin. With an increasing number of iterations, the values of corrections
approach 0 (see right part of Fig. 2).

Fig. 2. (Color online) Left: Calibration curve before (darker (blue) line) and after
(lighter (red) line) calibration procedure. Right: The mean values of the residuals
after 7 iterations. The mean values of the residuals are shown as a thin line around
zero together with the uncertainties of their determination. The obtained position
uncertainties are in the range of 150–200 µm.

5. Track reconstruction
Track reconstruction relies on the fact that the particle trajectory in
the drift chambers is a straight line. Therefore, for its description, the
point belonging to the line and a vector of its direction are needed. The
parameters are first calculated analytically, then this result is optimized by
means of numerical minimization of the expression
2

χ
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8
X
d2 (rx , ry , ax , ay )
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σi2

,

(2)
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where d is the distance between the track and positions of hits calculated
within the ith wire plane with uncertainty equal to σi ; rx,y and ax,y stand
for the track point and vector parameters.
The distributions of 3d tracks and angles reconstructed from D1 chamber
hits are presented in Fig. 3. The two maxima visible in the horizontal track
distribution can be identified with two groups of tracks: one going through
the analyzing target and another with a direction different from the expected
beam intensity maximum. Those tracks originate mainly from scattering at
the beamline and its walls [11].

Fig. 3. Angular distribution of tracks in the horizontal (left) and vertical (right)
plane. In both cases, 90o angle corresponds to particles moving perpendicularly to
the detector plane.

6. Summary
The work on the calibration of the drift chambers and the track reconstruction is ongoing. The main focus now is an analogous D2 and HEX
calibration, optimization of the detectors positioning based on reconstruction of unscattered events and selection of events scattered in the angular
range of 10 to 20 mrad. In the next step, events with antiprotons will be
identified and angular distributions of scattered antiproton tracks will be
prepared.
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