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INFLUENCE OF THE COULOMB FIELD
ON CHARGED PARTICLE EMISSION
IN Ar + Ni REACTION AT 77 MeV/u
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Ar+Ni collisions at 77 MeV/u were studied in the experiment E286
performed at GANIL. An important advantage of this experiment was an
application of the neutron detector DEMON for registration of both neu-
tral and charged particles. This feature allows to compare characteristics of
neutrons and protons detected by the same detector and gives a possibility
to determine the influence of the Coulomb field on the proton emission.
Estimation of a charge of the emitting source was performed by comparing
energy spectra of neutrons and protons detected under identical experi-
mental conditions. The experimental results were compared with the pre-
diction of the SIMON model [D. Durand, Nucl. Phys. A541, 266 (1992)]
and Landau–Vlasov model [Z. Basrak, Ph. Eudes, P. Abgrall, F. Haddad,
F. Sébille, Nucl. Phys. A624, 472 (1997)].
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1. Introduction

Study of the properties of emitting sources in nucleus–nucleus interac-
tions provides information on the collision dynamics. While the analysis
of two-particle correlations allows to estimate the space-time size of the
emitting source, the comparison of proton and neutron energy spectra gives
information on a source charge. These two independent types of analysis
allow to estimate the correlated parameters of the emitting source, namely,
its charge and size. The radius of the quasi-projectile in 40Ar+58Ni collision
was obtained from the neutron–neutron correlation function [1]. The goal
of the present analysis is to estimate the mean charge of the same source.

The experiment (E286) dedicated to investigation of two-particle corre-
lations for different particle systems was performed at GANIL using the mo-
dular neutron detector DEMON [2]. The reaction 40Ar+58Ni at 77 MeV/u
was studied. Each detector module was of cylindrical form (20 cm long and
16 cm in diameter) filled with liquid scintillator NE213. In front of the main
module a thin plastic scintillator was installed to distinguish between neu-
tral and charged particles. This allows to compare characteristics of neutrons
and protons detected in the same geometry. The main block of detectors
was installed in the forward direction in the angular range 4◦–22◦. Such
arrangement of detectors allows to study the quasi-projectile fragmentation
because majority of registered particles, especially those of higher energy,
comes from the quasi-projectile [2].

2. Estimation of the charge of the emitting source

Fig. 1 presents kinetic energy for protons and neutrons registered in the
same detector module at two different emission angles. The data were cor-
rected for the loss of proton kinetic energy on the way from the reaction
chamber to the detector and the efficiency of neutron registration. Differ-
ences in the spectra of neutrons and protons resulting from Coulomb repul-
sion can be used to estimate the mean charge of the emitting source. In so
doing, one can assume that the neutron spectrum corresponds to the proton
one with the Coulomb interaction switched off. Switching on the Coulomb
interaction with the source of a given charge and corresponding radius, one
can then estimate the mean source charge by fitting the modified (weighted)
neutron spectrum to the experimental proton spectrum. The calculation of
the weights resulting from Coulomb interaction between the emitted particle
and the source was performed using the model of two-particle and source–
particle interactions developed with the aim to calculate the two-particle
correlation function [3]. For each detected neutron the weight depending on
its kinetic energy and emission point as well as the source charge was deter-
mined. The weight was calculated in the source rest frame, thus the Lorentz
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Fig. 1. Proton and neutron energy spectra measured for emission angles: θ = 8◦

and θ = 11◦.

transformation of each neutron to the quasi-projectile rest frame was per-
formed assuming the quasi-projectile velocity equal to 0.35c. This velocity
relates to the maximum in neutron rapidity distribution [2]. To diminish the
error due to the admixture of preequilibrium neutrons, the analysis was per-
formed only for neutrons emitted forward in the quasi-projectile system [4].

While the kinetic energy of neutrons was taken from the experiment,
the coordinates of the emission point were sampled from a spherical Gaus-
sian probability distribution with a dispersion (Rrms)

2. The charge of the
source and its radius are not independent. The charge Z was calculated

from the formula: Z = k 4
3
π(

√

5
3
Rrms)

3ρ, where Rrms is the mean square

radius,
√

5
3
Rrms — the radius of an rms-equivalent sharp sphere, ρ is the

density of nuclear matter, k = 18
40

is the atomic to mass number ratio for

the projectile nucleus 40Ar. Calculations were performed for ρ0 = 0.17
nucleons/fm3 (density of normal nuclear matter), and also for ρ = 0.75ρ0

and ρ = 0.5ρ0 to check whether the density of the source could influence the
Coulomb effect. There is an evidence [5] that the density of emitting source
could be smaller than the normal nuclear density. The neutron spectra with
the Coulomb weights compared to the proton spectrum are shown in Fig. 2.
The values of χ2 per degree of freedom as a function of the radius of the
source are presented in Fig. 3 (upper part). The χ2 test was performed in
the energy range 120–260 MeV, because the Coulomb weights calculated for
particles of higher energy are not so sensitive to the space parameters of
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Fig. 2. Proton energy spectrum compared to neutron energy spectra with the

Coulomb weights for the emission angle θ = 8◦ and the source density ρ0 = 0.17

nucleons/fm3

emission point as for lower energy particles. The lower part of Fig. 3 shows
χ2/d.o.f. as a function of the mean charge of the source. The left part
(emission angle θ = 8◦) presents the values of χ2/d.o.f. for three values of
the source density. The best fit values independent of the assumed density
are 6 < Z < 9. This analysis shows that the calculated Coulomb weights
are essentially sensitive to the source charge only. They are not sensitive to
other fitting parameters used, i.e. the source density and mean radius. The
small value of the mean charge of the quasi-projectile corresponds to a small
value of the quasi-projectile radius (2.1 < Rrms < 2.4 fm) estimated from
neutron–neutron correlation function in [1]. This result may indicate that
in the collision the projectile breaks up into sources with the atomic number
close to that of carbon nucleus. The excess of projectile-like fragments with
atomic number of about 6 was observed in [6,7].
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Fig. 3. Upper part: values of χ2/d.o.f. as a function of the radius of the source.

Lower part: values of χ2/d.o.f. as a function of the mean charge of the source. See

details in the text.

3. Comparison to the predictions of theoretical models

Two theoretical models were used to compare to our experimental data:
the semiclassical Landau–Vlasov (L–V) transport model [8,9] and the SI-
MON statistical model [10]. The generated events passed through the exper-
imental filter incorporating the geometry of the detection setup and detector
efficiencies.

Fig. 4 shows kinetic energy spectra for protons and neutrons generated
in the frame of L–V and SIMON models compared to the experimental ones.
The number of particles at high energy is underestimated by both models.
The statistical model SIMON assumes the delayed emission as statistical
emission from equilibrated sources. The excess of high energy particles in
the experiment can indicate that the source is not fully equilibrated. In
the case of the transport L–V model underestimation of the amount of high
energy particles is not fully understood.
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Fig. 4. Kinetic energy spectra for protons and neutrons generated from L–V and

SIMON models compared to the experimental data.

The mean values of the quasi-projectile charge from SIMON and L–V
models and that estimated from the experiment are presented in Table I. The
larger value of the mean quasi-projectile charge in both models may result
from the fact that the models do not take into account the fragmentation
of the source. Also, in the case of L–V model, the simulation was stopped
at 600 fm/c. (It is worth mentioning that the experimentally estimated

TABLE I

The mean quasi-projectile charge from SIMON and Landau–Vlasov models and
that estimated from the experiment.

Landau–Vlasov 11.3±1.7

SIMON 13.4±1.6

experiment 7.5±1.5



Influence of the Coulomb Field on Charged Particle Emission 1171

quasi-projectile time of life is about two times longer [1].) Thus, the L–V
residues are not fully cold so that the L–V quasi-projectile charge may be
overestimated several charge units. On the other hand, the charge estimated
from the experimental neutron and proton spectra may be somewhat under-
estimated due to the point-like approximation of the source charge used for
the Coulomb wave function in the weight calculation. In addition, although
the simulation results were filtered to match experimental conditions, the
lack of experimental information on the reaction impact parameter may also
contribute to the observed discrepancy between simulation and experiment.

4. Conclusions

The mean quasi-projectile charge was estimated from the comparison
of the neutron and proton energy spectra. The estimated charge value
(6 < Z < 9) corresponds (at a normal density of nuclear matter) to the
quasi-projectile radius value (2.1 < Rrms < 2.4 fm) obtained from the
neutron–neutron correlation function [1]. This result does not agree with
the predictions of SIMON and L–V models which give larger values of the
quasi-projectile charge.
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