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Baryonic resonances, like the A(1232) resonance, play a role of increasing importance in the
dynamics of heavy-ion collisions from intermediate energies below the % creation threshold
to higher energies well above this threshold. They are excited in direct two-body nucleon-
nucleon (NN) collisions and subsequently propagate through nuclear matter, collide with
other nucleons or resonances, or decay through particle (mainly meson) emission. The last
process is believed responsible for the bulk of meson production at beam energies around the
NN threshold. Energetic elementary collisions involving already produced resonances can
subsequently excite heavier ones, the decay of which produces more massive mesons, rarely
produced if only nucleon-nucleon collisions are considered. In this way baryonic resonances
act also as an intermediate energy storage, influencing the thermal equilibration of nuclear
matter. Compared to reactions at and above the pion production threshold (280 MeV),
production of pions at subthreshold energies (i.e. per nucleon energy below threshold in free
nucleon-nucleon collision) occurs only at the early stage of the reaction. In the later stage of
the collision, thermalization efficiently suppresses pion production. Therefore, subthreshold
particles witness a well localized space and time of the reaction, when the maximum energy
density is reached.

Many experimental and theoretical studies have been devoted in the past to the
properties of the A-resonance inside the nuclear medium (see [1] and references therein).
However mainly because of technical limitations such studies were constrained to charge-
exchange reactions of the type (p,n) or (3He,t) in which the nuclear medium remains in its
ground state, at saturation density. The first direct experimental evidence for A excitation in
the nuclear matter was reported in proton induced reactions and observed through the
simultaneous detection of protons and charged pions. Extending such studies to central
heavy-ion induced reactions will open a yet completely virgin field since possible changes of
the resonance parameters driven by the high densities and temperatures reached during the
collision might be a signal for partial chiral symmetry restoration. Such experimental studies
have started only recently, mainly because the high particle multiplicity present in the final
stage of the collision prevented a clean identification of the A-resonance decay. The advent
of highly performant new detectors solved this problem and first results were recently
discussed [2,3].
Exploiting the ability of the photon spectrometer TAPS to detect and identify neutral pions in
coincidence with protons and deuterons [4] we choose optimum experimental conditions by
searching for the A-resonance at bombarding energy below the pion threshold at which we



still can cope with the hadron multiplicities. We report the results of this measurement, where
we clearly identified the A-resonance. The experiment has been performed using the \S0A
MeV AT beam delivered by the heavy-ion synchrotron SIS at GSI Darmstadt. The beam
intensity was 5*108 particles in spills of about 9 s. The Ca target corresponded to 1%
interaction probability. At forward angles (approx. 15°-30°) and close to the target (9.4 cm)
a set of 32 fast plastic scintillators was placed. It was used to sign the occurrence of a nuclear
reaction and to give the start signal for time-of-flight (TOF) measurements. The photon pairs
needed for the neutral meson identification were detected in the TAPS electromagnetic
calorimeter composed of 384 BaF2 scintillation modules arranged in 6 blocks of 64 modules
each. The blocks were placed in two towers positioned symmetrically with respect to the
beam axis at a distance of 80 cm from the target. The position of the towers was optimized
for detection of particles emitted from a midrapidity source (9=±70°, (p=0,±30°). Photons
detected in TAPS were identified through their TOF and a pulse-shape analysis of BaF2
scintillation light by requiring adequate conditions on the correlation between these two
variables. Photons energy and direction were reconstructed from the electromagnetic shower
using an original cluster analysis described in Ref.[5]. Photon pairs from the K° decay were
selected with respect to their relative timing as well. Neutral pions were identified through an
invariant mass analysis of two or more photon events. The n° peak in the invariant mass
spectrum had a resolution of 11% FWHM, value close to the one predicted with the GEANT
code. The signal-to-background ratio was about 100. The energy and momentum of pions
were reconstructed from the photon energies and directions. When corrected for the TAPS
acceptance, the transverse mass distribution of pions has an exponential shape with the
inverse slope parameter equal to 25±2 MeV, in agreement with the systematics.

The charged-hadron events were identified in TAPS with the appropriate gate using the TOF
versus pulse-shape distribution. As TAPS operates in air, the initial hadron energy had to be
reconstructed [4] from the energy deposited in BaF2 scintillators and energy loss
calculations, individual for each module. The energy spectra of the identified protons have an
exponential shape properly described by the Dubna Cascade model calculations [6].
From the 7i°-proton events the invariant mass was evaluated according to the formula

EPE{\ - 0)
where m, E, fi denote mass, total energy and velocity, respectively, and 6pn the opening
angle between proton and pion. In order to search for a A-resonance signal in the invariant
mass spectrum (Fig. 1) the precise knowledge of the shape of the background is necessary.
The background spectrum was obtained by the technique of event mixing. Special care was
taken that an event constructed from a proton and a pion (originating from different events)
fulfill the trigger conditions and is detectable (no overlapping showers).
The normalization of the background with respect to the coincident spectrum is a priori not
known. We have followed the technique of Ref.[7], searching for the A-signal Y^ by fitting
the coincident spectrum Ypn to:

Y^X*Y®YSY. (2)
where X is the normalizing constant applied to the mixed event spectrum Yp®Y7l. The A
signal is described by a gaussian or lorentzian distribution (3 free parameters). The mixed-
events spectrum, normalized by X from the fit, superpose exactly with the coincident one
except in a region around 1150 MeV (Fig. 1). The difference between the coincident and
mixed-events spectra (Fig.l) exhibits a broad structure centered at 1150 MeV and containing
21001550 events. We attribute this structure to the A resonance, shifted down by 80 MeV



with respect to its free mass. Large statistical error bars in the low-mass tail of the A peak
make the width estimate very uncertain. A shift in the effective A-mass was found in charge-
exchange reactions on massive targets when compared to proton target. Part of this shiff is
due to Fermi motion, Pauli blocking and form factors. For the remaining part a firm
explanation does not exist yet, but it has been speculated that the shift is due to a nuclear
medium effect. The collision dynamics (impact parameter) can thus influence the effective A-
mass. In fact, a significant reduction of the A-mass was observed in p+C reaction at 0.8 GeV
with increasing proton multiplicity [7]. In our case of subthreshold beam energy, the
observed A strength distribution might be shifted down because of limited energy available,
as indicated in calculations of first-chance collisions of nucleons in two colliding Fermi
spheres. °

Fig.l. Invariant mass spectrum for
coincident 7t°-proton events (upper
panel). The solid line shows the shape of
the background obtained by event-
mixing. The difference (lower panel)
between the coincident invariant mass
spectrum and the background shows the
A-resonance mass distribution.
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