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ABSTRACT

An extensive experimental program with the aim of studying rj production in p-N
and p-nucleus collisions near threshold (Tp=1.26 GeV) has been recently carried out
at SATURNE. The 77-mesons were detected via the r\ —*• 77 decay by the two-arm
PINOT spectrometer. The results concerning the pp -+ pprj reaction in the incident
energy region 1.265 GeV < Tp < 2 GeV are presented here, as well as A-dependence.
T,,-dependence, Tp-dependence of pA —» r]X doubly differential cross sections.

1. Introduction

The production and scattering of mesons heavier than pions has began to be
studied only recently, despite they play a fundamental role in the nuclear forces for the
medium and short range parts. In particular interest in r\ mesons physics has grown in
a significant way during the last 10 years. The n meson is a pseudoscalar meson which
occupies the same position in the SU(3) octet diagram as the tr0, differing from this
one essentially for the isopin (1=0 for 77,1=1 for TT°). This is the reason why nN system
couples only to the N* resonances, making possible to use n meson as a selective probe
to identify N* resonances in nuclei in order to extract informations on N* production
and propagation in the nuclear medium. Furthermore the measurement of reactions
in which rj meson is produced is the only way to study rjN and r\A interactions,
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because the short lifetime of 77 meson (r^=0.75 10 18s) excludes any possibility of
producing 77 beams, but is sufficiently long to allow 77 to travel inside the nucleus.

Finally a detailed knowledge of pN —> pNrj and pA —> TJX cross sections is
the basis of all models describing 77 [1] and dilepton production [2] in nucleus-nucleus
collisions in the GeV region.

An experimental program aiming to study rj production in pN and pA inter-
actions has been performed at SATURNE, by means of the two-arm spectrometer
PINOT. The working principle of this detector was based on the simultaneus mea-
surement of the energy and the angle of the 2 7 rays emitted in the rj electromagnetic
decay (b.r. 39%); r\ events appeared as a peak in the 77 invariant mass spectrum.
More details on the detector are given elsewhere[3].

2. 77 production in pN interaction

Different calculations have been published describing 77 production in nucleon-
nucleon scattering within one-boson exchange models[4,5.6,7]. All these models as-
sume that close to threshold the reaction proceeds via the formation of the Ar*(1535)
resonance, excited through the exchange of different mesons (TT,P,77,U;), which then
decays into the 77N channel with a large branching ratio (~ 50%). The main uncer-
tainty in all these models is the assumptions made in the evaluation of the coupling
constants of the exchanged mesons to the NN* vertex. Despite that in all the calcula-
tions the contribution due to the exchange of isovector meson (TT and p) turns out to
be dominant. This leads to the common prediction that the summed pn —> pnrj/drj
total cross section is larger than the pp —)• pprj one, although the size of these cross
sections also depends on the the relative signs of the contributions of different meson
exchanged[4,5,7].

The relevant theoretical interest briefly outlined here has triggered the exper-
imental study that we have carried out at SATURNE[8,9], as well as other experi-
mental programs at SATURNE[10] and at CELSIUS[11].

The experimental scenario was rather poor before these recent measurements;
in fact no pp —> ppr\ total cross section data existed below Tp=2GeV[12] and only one
measurement of np —> 7̂7 total cross section had been performed close to threshold[13].

By means of the PINOT spectrometer we studied rj mesons production in pp
interaction from threshold up to 2 GeV, namely at Tp— 1.265, 1.3, 1.4, 1.5, 1.6, 1.7,
1.85 and 2 GeV; the p — d interaction has been investigated at Tp= 1.3 and 1.5 GeV
in order to extract informations about the pn —•>• TJX reaction. The beam used for
the measurements reported here had typical intensity of about 5xl08 protons/burst
(the burst duration was ~400 ms) and impinged on a 5 cm. thick liquid hydrogen
(deuterium) target.

Measurements of the doubly differential cross sections < d2cr/dQ^dT*>, aver-
aged in different phase space regions, have been performed for the pp -> pprj reaction.
Corrections due to empty target contribution (tipically of the order of 20 — 30%) ,
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Figure 1: rj kinetic energy distribution in the cm. for the pp —*• pprj reaction at Tp=1.3 GeV; the solid

line represents the 3-body phase space distribution.

global detection efficiency (~ 90%) and dead time (typically of the order of 30%) have
been included. Up to TP~1A GeV the whole phase space accessible to the pp -> ppr/
reaction has been covered while at higher incident energies we studied only the back-
ward cm. hemisphere, using the forward-backward symmetry of the reaction in the
cm. frame.

The observed behaviour of the doubly differential cross section at different in-
cident kinetic energies can be summarized as a function of rj production angle and
energy in the cm.. Close to the threshold (namely at Tp=1.3 GeV) the rj angular dis-
tribution turns out to be isotropic, while the rj energy dependence shows a monothonic
increase as as a function of T* (see fig. 1). This behaviour, which differs from 3-body
phase space (solid line in fig. 1), is predicted by the calculations of Laget[5] and
Wilkin[4] as a consequence of the final-state interaction of the proton pair.

In the incident energy interval 1.4 GeV< Tv < 1.7 GeV the r\ angular distri-
bution becomes moderately anysotropic while the rj energy distribution in the cm.
shows a behaviour similar to 3-body phase space for the pp —» ppr\ reaction, i.e. a
distribution which has a maximum at T* ~ 0.5 T*max and which is roughly symmet-
ric with respect to the maximum. Finally, at Tp >1.85 GeV the energy spectrum
differs from 3-body phase space, since the low T* region is now more populated. Two
different mechanisms could contribute to generate the observed effect:

1) the opening of the pp -» pNitr} channel at Tp=1.615 GeV; close to its
threshold this reaction can only contribute to the low energy region in the rj cm.
kinetic energy spectrum of the pp —> pprj reaction;

2) the assumption that r\ meson is produced via the excitation of the iV*(1535)
resonance; in this case the expected r\ cm. kinetic energy spectrum is symmetric from
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F i g u r e 2: pp -> ppr/ (pp -> ppr}X for Tp >1.7 GeV) total cross section versus incident kinetic energy.

threshold up to Tp=1.6 GeV and becomes more populated in the low T* region at
higher incident energies.

Our data don't give us the possibility to disentangle the contribution due to
these two mechanisms.

The total cross section has been obtained by integration of the measured <
d2aI'd£l*dT* > over the phase space. The behaviour of aioi as a function of the
incident energy Tp is shown in fig. 2. It must be stress that the 77 detection provides
an unambigous signature of the pp —> ppr] reaction below the pp —> pNrjn threshold
(Tp=1.615 GeV); at Tp >1.7 GeV a contribution from this reaction could be present.

The data up to Tp=l.b GeV are already published[8], while at higher Tp they
are still preliminary. In the same figure the SPESIIIflO] and CELSIUS[11] data
are also shown which are in good agreement with our measurements. The data
are compared with the predictions of two versions of the calculation of Laget et
al.[5] with constructive and distructive rep interference and with the Vetter et al.[6]
predictions. Even if no calculation is in full agreement with the data at all the
incident energies studied, both Vetter et al.[6] and Laget et al.[5], with distructive
TTp interference, are not too far from the experimental points. This seems to indicate
that the basic assumptions on the reaction mechanisms made in the calculations
are correct, suggesting that the crucial role is played by the JV*(1535) resonance
excitation. Close to threshold(Tp <1.4 GeV) the strong energy dependence of the
measured total pp —¥ ppr/ cross section is well described taking into account NN and
77N final state interactions[7].

Informations on rj production in pn interaction have been extracted by a com-
parative study of the pp —» pprj and pd —>• r/X reactions[9]. The ratio between the
doubly differential cross sections for the pn —> rjX and pp -* ppr] reactions that we
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Figure 3: Doubly differential r\ production cross section on carbon versus incident kinetic energy. The

detected 77 mesons were emitted in the kinetic energy interval 30 < Tn < 100 MeV and in the angular domain

0° < 8V < 40° in the laboratory frame. The solid circles represent the PINOT data. The data are compared

with the prediction of a folding model[16] (open circles).

obtain is of the order of 10 at 2^=1.3 GeV and ranges between 4 and 8 at 1.5 GeV.
The larger ratio measured at 1.3 GeV could be due to the pn —> dr] reaction, which is
expected to have a large cross section close to threshold[5j. This strong isospin depen-
dence implies that the exchange of isovector mesons (TT,/J) dominates r\ production at
these incident energies, as predicted by the theoretical calculations[4,5,6,7],

3. r\ production in pA interaction

The PINOT collaboration has also carried out at the Saturne an experimental
study on r/ production in proton-nucleus interactions near the pp-4-pp?7 threshold
(Tp=1.26 GeV). A-dependence, T^-dependence and Tp-dependence of?; production
cross sections have been investigated.

A first set of data corcerning the subthreshold rj production on nuclei have
been already published. The A-dependence of the doubly differential cross sections
have been studied at .9 and 1 GeV[3,14], as well as the -q kinetic energy spectrum on
Boron at Tp=l GeV[15]. I will not report on these subjects.

With the aim of studing r\ production mechanisms at different incident energies
the PINOT collaboration has measured the excitation function on a light nucleus,
namely of the pC —)• rjX reaction. The measurements have been done at different
incident proton energies ranging from .8 to 1.5 GeV (fig. 3).

The experimental data are compared with the results of a folding model [16],
which describes r\ production in nuclei via a one-step process (pN->pN?7) and a two-
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Figure 4: Doubly differential r\ production cross section as a function of A at Tp=1.3 GeV for three
different n kinetic energy interval: 60 < Tn < 120 MeV (a), 120 < Tv < 220 MeV (b) and 200 < Tn < 340
MeV (c); the angular interval covered was 0° < 9n < 20°. The solid circles represent the PINOT data. The
data are compared with the prediction of a folding model[16] (open circles); the results of the calculation
with affi—2<T°bx[l6] are shown as open triangles.

step process (pN—>pN7r, followed by TTN—>rjls). The total and differential cross sections
for the two step process have been taken from a compilation[17]. We modified the
original code of the theoretical calculation in order to use for the one step process a
parametrization of our experimental data[8,9]. Such elementary cross sections have
been folded with a Hartree-Fock distribution of the internal motion in target nucleus
and with the PINOT spectrometer acceptance. Finally r] reabsorption in nuclei is
treated using a semi-classical model which evaluates the numbers of effective nucleons
for the direct and the two step elementary mechanism[18]. The 77-nucleon absorption
cross section affi has been estimated by detailed balance applied to the n~p -» rjn
reaction assuming that this reaction, as well as rj reabsorption on nucleons, occurs
via N*(1535) excitation[16,19].

In fig. 3 we observe that the discrepancy between the data and the the-
oretical calculation increases for low Tp; it must be stressed that in the folding
model an Hartree-Fock distribution of the internal motion in target nucleus is used
which neglect high momentum components. Some peculiar reaction mechanisms, as
pN -» AAr followed by i] production in AN interaction[22,23], could also play a role
in the subthreshold region. A more speculative interpretation of the 17 production
excess observed at Tp <1,26 GeV could be an 77 and or IV* effective mass decrease in
the nuclear medium.

A second set of data is represented by our preliminary results on r\ production
at Tp=1.3 GeV, just above pN->pN?7 threshold. The A dependence of the doubly
differential cross section d2a/dd^dTr, have been measured for 3 different 77 kinetic
energy intervals respectively 60 < Tv < 120 MeV, 120 < Tn < 220 MeV and 200 <
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Figure 5'. Doubly differential tj production cross section on carbon and gold versus r? kinetic energy at

Tp=1.3 GeV. The horizontal bars represent the fwhm of the kinetic energy acceptance for the different

configurations of the spectrometer; the angular interval covered was 0° < 6,, < 20*. The solid circles

represent the PINOT data. The data are compared with the prediction of a folding model[l6] (open circles);

the results of the calculation with ff^s=2cr^[l6] are shown as open triangles.

Tn < 340 MeV. The doubly differential cross sections d2a/dVlndTn shown in fig. 4 as
a function of the target nucleus mass clearly saturate for large values of A.

The data are compared with the predictions of the folding model. The as-
sumptions made on the reaction mechanisms should be in this case more realistic
because the incident energy is above the threshold, so indications on rj absorption
cross section could be extracted. The folding model overestimates systematically the
experimental data, in particular it is evident that the discrepancy between the data
and the theoretical calculations increases for high T,,. This discrepancy can be sig-
nificantly reduced increasing the values of <x '̂ foreseen in the folding model. This
is in agreement with a suggestion of Wilkin [20], who needed a 77N scattering length
much larger than the value extracted by Bhalerao and Liu [19] in order to explain
the striking energy variation of the dp —¥ He^rj reaction near the threshold [21]; a
large 77N scattering length has been confirmed recently by a coupled-channel analysis
of the 7r~p —¥ y]n reaction [25].

The theoretical results with C^S=2<T°J|[16] well reproduce the experimental
data for the two lower values of T,,, while at the highest r\ kinetic energy subsists a
discrepancy between the model and the measurements, indicating a T^ dependence
of cr̂ jy different than the one used in the model.

Finally at Tp=1.3 GeV it has been measured the rj kinetic energy spectra
on carbon and gold (fig. 5). 7) of kinetic energies ranging from 30 to 330 MeV
have been detected. The model overestimates experimental data especially on gold,
where 77 reabsorption becomes more important. The results of the calculation with

16] are closer to the measurements.
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In June 1995 we have performed our last measurements by means of the PINOT
spectrometer studying the excitation functions of the pC —$• rjX reaction (Tn ~170
MeV) and pW -> rjX reaction (Tv ~60 and 170 MeV); the data are in course of
analysis.
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