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Abstract. According to the quark model, the masses)adindn’ mesons should be almost equal.
However, the empirical values of these masses differ by rtteae the factor of two. Similarly,
though the almost the same quark-antiquark content, tta¢ ¢obss section for the creation of
these mesons close to the kinematical thresholds irpfhe> ppX reaction differs significantly.
Using the COSY-11 detection setup we intend to determinethveinethis difference will also
be so significant in the case of the production of these meisotiee proton-neutron scattering.
Our main aim is the determination of the excitation functmfithe total cross section for the
pn — pnn’ reaction near the kinematical threshold. The comparisothefpp — ppn’ and
pn— pnn’ total cross sections will allow to learn about the produttéthen’ meson in the chan-
nels of isospin | = 0 and | = 1 and to investigate aspects of lilnenjum component of thg’ meson.
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INTRODUCTION

Despite the fact that the’ meson was observed fourty years ago, its structure is still
not known. According to the quark modej, andn’ mesons can be described as the
mixture of the singlet and octet states of the SU(3) - flava@uygoscalar meson nonet.
Within the one mixing angle scheme, a small mixing an@e= —15.5°) implies that

the masses af andn’ mesons should be almost equal. However, the empirical salue
of these masses differ by more than the factor of two.

At present there is also not much known about the relativéritrtion of the possible
reaction mechanisms of the production of themeson. It is expected that thg
meson can be produced through heavy meson exchange, thiteeigixcitation of an
intermediate resonance or via emission from the virtualang]. However it is not
possible to judge about the mechanism responsible fonthmeson production only
from the total cross section of thep — ppn’ reaction [2]. Therefore one has to
investigate the)’ production in both, proton-proton and proton-neutron tecaiy. A
comparison of the close—to—threshold total cross sectiothie n’ production in both
the pp — ppn’ and pn — pnn’ reaction constitutes a tool not only to investigate the
production of then’ meson in channels of isospin | = 1 and | = 0 but also may provide
— as suggested in reference [3, 4, 5] — insight into the flagmglet (perhaps also into
gluonium) content of thg’ meson and the relevance of quark-gluon or hadronic degrees
of freedom in the creation process.

Since the quark structure gf andn’ mesons is very similar, in case of the dominant



FIGURE 1. Schematic view of the COSY-11 detection setup. For mordld¢ie interested reader is
referred to [11, 12]

isovector meson exchange — by the analogy tatimeeson production — we can expect
that the ratidR, should be about 6.5 [6]. If howevgrf meson is produced via its flavour-
blind gluonium component from the colour-singlet glue ¢éxaiin the interaction region
the ratio should approach unity after corrections for thitgaiand final state interactions.
The close—to-threshold excitation function for fhhe— ppn’ reaction has already been
determined [7, 8, 9, 10], whereas the total cross sectiothfon’ meson production in
the proton-neutron interaction is still unknown.

EXPERIMENTAL METHOD

In August 2004 —for the first time— using the COSY-11 facilitg have conducted a
measurement of the’ meson production in the proton-neutron collision.

A quasi-freepn — pnX reactions were induced by a proton beam in a deuteron target
since pure neutron targets do not exist. For the data asdhesproton from the deuteron

is considered as a spectator which does not interact withdh#arding proton, but es-
capes untouched and hits the detector carrying the Fermiemtumn possessed at the
time of the reaction. The experiment is based on the regjimtraf all outgoing nucle-
ons from thepd — psppnX reaction. The COSY-11 detection setup is schematically
depicted in figure 1. Protons are measured in two drift chasnhed scintillator de-
tectors [11, 13], neutrons are registered in the neutraig@rdetector [14]. Protons
considered as a spectators are measured by the dedicated-piad detector [15, 16].
Application of the missing mass technique allows to idgrgifents with the creation of
the meson under investigation and the total energy avaifablthe quasi-free proton-
neutron reaction can be calculated for each event from tb@wref the momenta of the
spectator and beam protons.
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FIGURE 2. (left) Distribution of the time difference betwee"8&nd 13" module of the neutron
detector as determined after the calibratigight) Time-of-flight distribution between the target and the
neutron detector as obtained after time walk correctioreaedndition that in coincidence with neutral
particle also two charged particles were identified.

timing calibration of the neutral particle detector

The neutral particle detector at the COSY-11 facility idtbmit of 24 modules and
delivers information about the time at which the registemedtron or gamma quanta
induced correspondingly a hadronic or electromagneticti@a This information to-
gether with the time of the reaction allows to calculate iheetof-flight between the
target and the neutron detector and to determine the absoloinentum of registered
paricles, provided that it could have been identified [1Tie Experimental precision of
the missing mass determination of the — pnn’ reaction [18, 19] strongly rely on the
accuracy of the reconstruction of the momentum of neutroeefore the time calibra-
tion of the neutron detector has to be done with high pregisio
In order to establish relative time offsets for all singlées¢ion units, distribution of
time differences between neighbouring modules were degfr@m experimental data.
The time differences were calculated assuming that aletdfare equal to zero. The val-
ues of the relative time offsets were adjusted such that tiifierences obtained from
experimental data and from simulation equals to each otirteedch pair of detection
unit. Figure 2 (left) shows example of experimental disttibn of time difference as
determined after the calibration.

Before the general time offset between the neutron prooluieind the hit time in the
neutron detector was determined, the influence of the tinlle efect was inspected.
The time walk effect is caused by variations in the amplitadd risetime of the in-
coming signals. For example, two signals of differing pulgght but exactly coincident
in time may trigger the discriminator at different times. Afiline correction can be
applied to minimize this effect. The function used for oflinme-walk correction was

te=tm—a + B( \/Alil)CUP + \/Aécdw)’ wheret. andty, are corrected and measured time and

a andf are coefficient determined by data. The aplication of thetimalk correction
allowed to change the time resolution from 1.2 ns to 0.6 ris Miorth to note that this is
over all the resolution in the neutron and S1 detector andd¢haracy of the momentum
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FIGURE 3. (left) Time-of-flight distribution between the target and the mewmtdetector obtained
assuming that in coincidence with neutral particle alsa@raand deuteron were identified based on
signals from drift chambers and scintillator hodoscopafe( correction for time walk {right) Missing
mass spectra of then — pnn’ process determined for the excess energies larger andesithah zero

reconstruction in the magnetic field.

In addition, a general time offset of the neutron countehwéspect to another (S1)
detector we have established. For this purpose eventswatltracks in the drift cham-
bers and a simultaneous signal in the neutron detector heee &elected. Figure 2
(right) presents the time-of-flight distribution — for nealtparticles — measured between
the target and the neutral particle detector. The spectrasmolitained under the condi-
tion that in coincidence with a signal in the neutral paetitho charged particles were
registered in the drift chambers. A clear signal origingfirom the gamma rays is seen
over a broad enhancement from neutrons. This histogramsstimv discrimination be-
tween signals originating from neutrons and gamma quantebeadone by a cut on
the time of flight. In order to establish the general time efffhe pd — pdX reaction
have been used. For this reaction, due to the baryon numhbsen@tion there is only
one possible source of a signal in a neutron detector, naanggmma quantum, which
originate from the decay of egl® mesons in the target. Thus, the calibration is based on
the measurement of the proton, deuteron in drift chambetsaintillators, and gamma
quanta in the neutral particle detector. Knowing the distabpetween the target and a
module in the neutral particle detector which gave the digaa first one, one can ad-
just the general time offset between this detector and thea8hter. The time of the
reaction in the target can be calculated from the times whetop and deuteron crossed
the S1 scintillator and from their reconstructed momenthteajectories. Figure 3 (left)
presents experimental distribution of the time-of-fligktween the target and neutron
detector with the requirement that two charged particle®wegistered and that one of
them was identified as a proton and the other as a deuteromp@sted, in this spectrum
only a signal from the gamma quanta is seen.



missing mass of the pn— pnXreaction

Due to the smaller efficiency and lower resolution for theisegtion of the quasi-
free pn — pn mesorreaction in comparison to the measurements of the prototoipr
reactions, the elaboration of the data encounters probt#nh@wv statistic. However
one can extract the number of registen@ad — pn mesonevents from the missing
mass distribution provided that the contribution of thetommous spectrum originting
from the multi-pion production can be disentangled from stgmal resulting from the
production of the investigated meson [20]. This can be donedmparison of the
missing mass distribution for the negative values of Q, wdrdg pions may be created,
and the missing mass distribution for Q larger than zeroabe®f the positive values of
Q a signal from the)’ meson is expected on the top of the multi-pion mass distabut
In order to derive a signal of the’ meson from a missing mass spectrum for positive
Q value, one has to subtract from this spectrum a missing dissgution determined
for negative Q after the shift of the latter to the kinemdtloait and normalization at
the very low mass values where no events fromrtheneson are expected. Example of
application of this method [20, 21] in the analysis of thesijtfeee pn — pnn’ reaction
is shown in the figure 3 (right) where missing mass spectrh®ph — pnn’ process
determined for the excess energies larger (red line) antlesntfzan zero (blue line) is
presented [20].

At present the analysis aiming for establishing the exoitefunction for thepn— pnn’
reaction is in progress and will deliver the values for thaltoross section in the excess
energy range between 0 and 20 MeV.
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