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Abstract

The P371 experiment aims to investigate whether antiprotons produced in a
high-energy proton beam collision with an unpolarized solid target via the re-
action are initially polarized. The polarization can be determined by measur-
ing the asymmetry of elastic pp-scattering with a known analyzing power in
the Coulomb-Nuclear Interference region. The experiment was carried out in
July and August 2025 using the T11 beam line in the East Area. Data analysis
is currently ongoing.
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1 Introduction

The preparation of a polarized antiproton beam, useful for experiments exploring new physics topics
remains a significant challenge. No efficient polarization method has yet been established for long-
term measurement campaigns. A simple and attractive possibility would be if the antiproton production
process itself yields a significant degree of polarization.

To test this hypothesis, a dedicated polarization measurement of the antiproton beam is proposed.
Assuming an analyzing power of approximately 4.5% which is expected at the CNI (Coulomb Nuclear
Interference) region of the antiproton-proton elastic scattering, the polarization can be detected by meas-
uring the left-right asymmetry of the elastic events at scattering angle around 10 mrad using a 3.5 GeV/c
antiproton beam. The concept of the measurement is to use a liquid hydrogen target as an analyzer with
incident and scattered particle tracks reconstructed using tracking detectors upstream and downstream
of the target. Scattered antiprotons can then be identified and distinguished from background (mainly
charged pions) by a DIRC system for offline particle identification.

A first proposal for the investigation of possible polarization effects in the production process of
antiprotons was submitted to the SPSC in 2014 [[1]. Initial measurements were performed but the collec-
ted statistics was far too low to extract any information. With an improved detector setup and extended
beam time can now be achieved to determine whether antiproton polarization exists at production to a
measurable degree.

A new beam time request has been submitted to the SPSC in October 2024. This status report
will briefly summarize the main activities in the past year, such as the preparation of the beam time,
conduction of the beam time as well as the data analysis.

2 Experiment Setup

A sketch of the detector arrangement is shown in Figure [T} The setup includes scintillators for trigger
generation, a threshold Cherenkov detector for online pion suppression, scintillating fiber detectors, a
liquid hydgrogen analyzer target, straw-tube trackers and a DIRC detector for offline particle identifica-
tion.

. straw tubes
stop DIRC
scint .
o8]
............... &
:§ beam
. | L ——
1t e Y |
1 [ ”
iz
LH> &3 Cherenkov \
target L I8 Acrose i
scint. fiber .\.trugn:l start2 scint
4 x 1m x 20em tracker n=1.03 10emx10em
readout both 0.5 mm squared fiber small
ends double layer in x,y scint
2 stations JemxZem  Start seint
10emx10cm

Figure 1: Sketch of the P371 detection system for the beam time.

The analyzer target is a 12 cm long liquid hydrogen cell with a diameter of 6.5 cm placed inside a
vacuum chamber and cooled by a cryogenic cold head to 20 K. Kapton foils are used for the target cell and
vacuum chamber windows. The entire system operates in air. Multiple scattering in materials between
the beamline exit window and the first tracking detector, as well as in air and detector components,
contribute less than 1 mrad to angular straggling. The angular resolution of the scintillating fiber system
is 1 mrad, while the straw-tube trackers achieve a track resolution of below 0.5 mrad.

Each scintillating fiber station consists of two closely spaced layers (0.4m apart) with 0.5 mm
thick squared fibers, shifted by half a fiber diameter to eliminate dead zones. The straw tubes (10 mm



diameter) are operated with an Ar(90%)/C0O2(10%) mixture at 1 bar overpressure, yielding a position
resolution of 100 - 150 um via drift-time measurement.

A threshold aerogel Cherenkov detector (n  1.03) strongly suppresses the dominant pion back-
ground by generating a veto signal for the trigger. At 3.5 GeV/c, antiprotons have a velocity of S(p(3.5
GeV/c)) =0.966 , i.e. the threshold for Cherenkov light emission is at n = 1.035. For pions, the velocity
is close to ¢ (B(m(3.5 GeV/c)) = 0.9992) with a threshold refractive index of n = 1.0008. Therefore, pions
produce Cherenkov light, while antiprotons do not, enabling efficient online vetoing.

The DIRC detector with a Plexiglas radiator is used for offline particle identification. Cheren-
kov arcs from pions and antiprotons are detected by a PMT matrix. Behind the DIRC a scintillator wall
with four 20 cm wide paddles, readout on both ends has been placed to trigger on single track events.

A new data acquisition system, DOGMA [4]], was used for the first time in this experiment. The
DOGMA is a modularized DAQ board, which offers 32 channels input and consists of an integrated
amplifier with a maximum gain of 30, discriminator and TDC. The board has optical fiber control and
data transfer, eliminating potential grounding problems which often occurs for DAQ system. Despite
still under development, lab tests confirmed its suitability for the beam time.

3 Activities in 2025

In addition to constructing new detectors and upgrading the DIRC readout, a verification test for the new
aerogel Cherenkov detectors was performed from 27-30 May in the T10 area.

The full experiment integration and production beam time took place from early July to the end of
August 2025 in the T11 area of the PS East Hall.

3.1 Cherenkov Detector Test at T10

In order to achieve a reasonable reduction of the trigger rate for the beam test, two new Cherenkov de-
tectors with an aerogel with a refractive index of n=1.03 have been designed, built and tested with cosmic
rays at the lab in Forschungszentrum Juelich. As the Cherenkov detector has shown good efficiency on
cosmic rays, their pion veto performance was validated using time-of-flight (ToF) measurements in the
T10 beamline in May 2025.

Figure 2: Cherenkov detector test at T10.

Benefiting from the low n-index of 1.03, the threshold of the Cherenkov light for a passing proton
or antiproton is about 3.8 GeV/c, while the threshold of the Cherenkov light for pions or muons are
565 MeV/c and 428 MeV/c, respectively. The beam particles contain pions, muons, electrons/positrons,



protons or antiprotons, depending on the setting of the beam line either for positively or negatively
charged particles.

The Figure 2] shows the two Cherenkov detectors located on the movable detector platform. The
start timing detector was the scintillator detector in the T10 beam line, while the stop timing detector
was a fast plastic scintillator bar detector located at the end of the beam path in the T10 area. The flight
distance was roughly 18.5 m between the two timing detectors.

With a 2 GeV/c positive beam, protons were clearly separated from lighter particles (ATOF 6
ns). The two Cherenkov detectors reduced the trigger rate by a factor of about 100 as depicted in Figure
3k and b.

Naon
proton

4

¥

8

z
|||||w|i|r||i|||

IIII|II|I|IIIIIIIII|IIII|II
§ 8
LI B |

mlilnlil

i
2 & 2 & O E] 0 F] 16 1% 0
( ) (b) Scint_stap_Vetoed

Figure 3: TOF spectra of the beam particles at 2 GeV/c without (a) and with (b) Cherenkov veto.

For a 3.5 GeV/c negative beam the ATOF of antiprotons and non-antiprotons is about 2 ns. Due
to the low fraction of antiprotons in the beam as well as the small ATOF value the antiprotons peak is
partially mixed with other particles as indicated in Figure fp. The separation between antiprotons and
non-antiprotons is not feasible. After having implemented the offline veto by two Cherenkov detectors, a
shoulder-like peak emerged at the right side of the TOF spectrum while a reduction factor of 70 has been
achieved. After subtraction of the non-antiprotons content in the TOF spectra, the antiprotons peaks can
be separated from the residuals of the non-antiproton particles as shown in the Figure [Sh. By integrating
the antiprotons in the time window presented in Figure [5b, the fraction of the antiprotons in the beam
particles at 3.5 GeV/c is 0.25%, which is lower than the previous measurement with a fraction of 0.85%
for the antiprotons at 4 GeV/c [2].
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Figure 4: TOF spectra of the negative charged beam particles at 3.5 GeV/c without (a) and with (b) Cherenkov
veto.

The convincing results confirmed the effectiveness of the Cherenkov veto system for the upcoming
beam time at T11.

3.2 Experiment Setup Integration and Production Beam Time at T11

The main objective was to transport the pre-assembled detector system to the T11 area and complete the
measurement on schedule. There were two phases of the beam time campaign, i.e., experiment setup
integration and production beam time.
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Figure 5: TOF spectra after subtraction of non-antiprotons (a) and the antiprotons peak (b).

3.2.1 Experiment Setup Integration

The experiment setup integration started at T11 with few days behind the schedule due to a delay in
the transportation of the equipment. As seen in the Figure [f] all sub-detectors are modularized and
preinstalled on an Aluminum platform.

Figure 6: A picture taken from the top of the CLOUD chamber is shown. The detectors frame with the visible
cold head of the target, as well as the supporting elements, like the target control and pump (on the left), the DAQ
switches and power supply (on the table to the right) and the rack for the high voltage system and trigger logic (on
the blue platform) is visible.

The integration work consisted of not only cabling all the signal channels or high voltage supplies
but also the detector readout to data acquisition system. One major challenge of the integration was
to tune each detector together with DOGMA system since it was the first time to use it for such an
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