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COSY-11 COLLABORATION

Preliminary results of recent measurements of the near threshold n meson production
in the dp — dpn reaction are presented. The experiment was performed at the COSY-
Juelich accelerator with the use of the COSY-11 detection system. Data were taken for
three values of deuteron beam momenta corresponding to excess energies of 3.2, 6.1 and
9.2 MeV. The energy dependence of the total cross section confirms a strong effect of
the final state interaction.
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1. Introduction

The three nucleon system is the simplest system for study of the multi-nucleon
interaction and, in particular, of inelastic processes in nuclear matter. From experi-
mental point of view, the most suitable for these studies are the pd (or dp) collisions
due to the high quality of proton (deuteron) beams available at particle accelerators.
Recently the d—n and *He — 1 interaction was intensively studied on the theoretical
ground. This interaction is of special interest due to the possible existence of the
n-nucleus bound or quasi-bound states. From the experimental point of view, the n
meson production near threshold in the three nucleon system is much less explored
as compared to the two nucleon system!?3. The database for the pd — 3Hen
reaction®>678 has improved recently, however, for the reaction pd — dpn close
to threshold there exist only data measured with the SPESIII spectrometer at
SATURNE? for two excess energies namely @ = 1.1 and 3.3 MeV. Unfortunately,
the uncertainty of the excess energy of theses data points of AQ = +0.6 MeV is

* E-mail address: c.piskor-ignatowicz@fz-juelich.de

528



Int. J. Mod. Phys. A 2007.22:528-532. Downloaded from www.worldscientific.com
by FORSCHUNGSZENTRUM JUELICH GmbH on 02/14/13. For personal use only.

Near Threshold n Meson Production in dp Collisions 529

Fig. 1. Detection setup of the COSY-11
experiment!'®. Protons from the dp — dpn re-
action are measured in the drift chambers D1,
D2, as well as in the scintillator hodoscopes
S1, S3. For detection of the outgoing deuterons,
small drift chamber D4 with hexagonal cells'?,
two scintillator detectors dE1, dE2 and Cerenkov
threshold counter were installed.

very large when taking into account the rapid rise of the cross section near thresh-
old. At higher energies, for @Q > 14 MeV, the total and differential distributions
of the cross section were determined by the PROMICE/WASA collaboration!®:11.
The aim of the present experiment was determination of the dp — dpn cross sec-
tions near threshold in order to study the interaction between the particles in the
final state. The energy dependence of the total cross section is expected to be very
sensitive to the d — n interaction. Even much weaker p — n interaction significantly
modifies this shape as observed in the pp — ppn reaction!?13.

2. Experiment

The experiment was performed using the stochastically cooled deuteron beam of
the COoler SYnchrotron (COSY) in Juelich!* scattered on internal proton target
of the cluster jet type'®. The charged reaction products were registered with the
COSY-11 detection system which is schematically shown in Fig. 1. Protons from
the dp — dpn reaction were measured in the drift chambers D1, D2 and in the
scintillator hodoscopes S1, S3. Tracking their trajectories through the magnetic field
in the COSY-11 dipole magnet back to the target position allowed to determine
their magnetic rigidity. Particle identification was based on the Time Of Flight
(TOF) measured on the path of 9.3 m between the scintillator hodoscope S1 and S3.
Fig. 2 shows the TOF dependence on the magnetic rigidity with clearly separated
protons, deuterons and 3He. Due to setting of the triggering electronics, only a tail
of pion TOF distribution was registered as can be seen in the figure. The outgoing
deuterons from the dp — dpn reaction have about two times larger momenta than
the outgoing protons and, consequently, their deflection in the magnetic field of
the COSY-11 dipole magnet is two times smaller. Their trajectories were measured
with a small drift chamber D4, placed in the area between the chamber D1 and
the beam pipe, allowing for a three dimensional particle track reconstruction (see
Fig. 1). Due to a huge background of spectator protons originating from the break-
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Fig. 2. Dependence of the TOF on magnetic rigidity for particles registered in the drift chambers
D1, D2 (left) and for particles detected in the D4 chamber (right).

up of the deuteron beam interacting with the proton target, identification of the
deuterons crossing the D4 chamber was a very difficult task. Therefore, for the
particle identification three different methods were applied and they were based
on: (i) energy losses in two scintillation detectors dE1 and dE2 with a thickness
of 5 mm and 10 mm respectively, placed behind the D4 chamber, (ii) signal (or
lack of signal) in a threshold Cerenkov detector made of 2 cm plexiglas plate and
(iii) TOF measured on the path of about 2.3 m between the target and the dE1
detector. For the TOF determination, the time of the reaction at the target was
derived from measurement of velocity of the associated particle registered in the
scintillator hodoscopes S1 and S3 and from the time measured by the S1 detector.
Dependence of the TOF on the magnetic rigidity for particles registered with the
D4 drift chamber is shown in the right panel of Fig. 2. The n-mesons produced in
the dp — dpnm reaction were identified using the missing mass method.

The integral luminosity for each beam momentum was determined from accep-
tance corrected number of *Hen events measured simultaneously with dpn channel.
The dp — 3Hen total cross section was taken from Ref. 4.

Application of the stochastic cooling to the COSY deuteron beam guarantees
a high quality of the beam with the momentum smearing on the level of Ap/p
~ 10~*. However, the absolute beam momentum determined on the basis of the
accelerator frequency is know with accuracy of Ap/p ~ 1073 only. Therefore, for
a more precise beam momentum determination, which is crucial in the present
near threshold measurements, we used the center of mass momenta of the He ions
from the dp — 3Hen reaction calculated from the analysis of 3He momenta in the
magnetic field of the COSY-11 dipole magnet. Resulting correction to the nominal
beam momentum was -1.6+0.4 MeV and the uncertainty of the excess energy for
the dp — dpn reaction was £0.1 MeV.



Int. J. Mod. Phys. A 2007.22:528-532. Downloaded from www.worldscientific.com
by FORSCHUNGSZENTRUM JUELICH GmbH on 02/14/13. For personal use only.

Near Threshold n Meson Production in dp Collisions 531

[ *COSY-11

o T * % Fig. 3. Dependence of total cross section

on the excess energy. The line indicates
three body phase-space normalized to the
PROMICE/WASA point!!. Open circles shows
data from Ref. 9, and stars denotes preliminary
results determined by the COSY-11 group.

Ororlub]

0

3

5Q [MeV]m 15

o T

3. Preliminary Results

The measurement was done for three deuteron beam momenta above the dp — dpn
threshold namely: 3177.4, 3189.4 and 3202.4 MeV /¢ and one momentum below the
threshold equal to 3163.4 MeV/c. The measurement below the threshold was used
for the background subtraction under the eta peak in the missing mass spectra.
The determined dp — dpn total cross sections are shown in Fig. 3 together with the
data measured at SATURNE and at WASA. The data confirm a strong effect of
the interaction in the dpn meson final state. The enhancement of the near-threshold
cross sections with respect to the phase-space behavior indicates for an effect of a
strong interaction between the final state particles. We expect that further analysis
of the collected experimental data will allow to reduce substantially the relatively
large uncertainties of our preliminary data points.
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