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» progress in experimental investigations of the
nuclear EoS,

« status of theories of the nuclear reactions and of
the asymmetric nuclear matter,

« influence of the symmetry term on the structure
of objects and processes in the Femto and astro
scales,

» correlations and clusterization in dense, normal
and dilute nuclear matter,

« new facilities and new instruments.
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neck fragmentation (physics case) Talks given at:

- Conclusions
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Introduction:
The study of the reaction mechanism in heavy ion collisions at
coulomb energies could be understood in the frame of two

main approaches: Time scale is linked to
— ’ energy dissipation:
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With the increase of the collision energy
such a schematic approach is faced with

the extreme evolving (with the time)
character of the nuclear density(not
present at coulomb energies)

Short summary :

a) At Fermi energy ( 50 MeV/nucleon) Characteristic sub-
saturation density in both peripheral and central collisions
have been (indirectly) evaluated and supported by transport
theory

b) At Medium energy ( > 200MeV/nucleon) large supra-
saturation density in semi-central (participants) and central
collisions of short duration( < 50fm/c) have been also
predicted (and, e.g., large radial flow have been measured)



a) Fermi Energy: Sub-saturation density in peripheral collisions: Midvelocity NECK
emission: Isospin drift:Diffusion-Migration (basic phenomenology)
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a) Fermi Energy- Semi central and central collisions: Nuclear matter symmetry
energy at low density (p/p;<0.2) -

Temperature and density determination
from intermediate velocity source in
40Ar 647n + 1121249 gt 47 A.MeV
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Also: QS = Quantum Statistical model including clusterization
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Almost complete
events:

P/Pior> 60%

Z/Z,,.> 60%

M.,,.<7 (peripheral)

Analysis based on fragment (IMF) -
measurements . LCP are essentially used
to estimate impact parameters b.
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Method calibrated for peripheral three body

reactions:

Ternary events selection
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Vier/VvioLa(IMF, TLE)

The time scale calibration (for light fragments Z < 15 ) was firstly
applied to the reaction 124Sn+%4Ni, at E_,(*?*Sn)/A=35 MeV/nucleon. Very
briefly, the experimental relative velocities of IMFs with respect to PLFs and
TLFs, Vgg (IMFPLF) and Vi (IMETLF), respectively, are divided by the
relative velocity Vo, , corresponding to the released kinetic energy,
determined by the Coulomb repulsion for the binary splitting of the two sub-
systems (IMF,PLF) and (IMF,TLF), as given by the Viola systematic .
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Important hierarchy effects in IMF emission time: It has been
observed that with increasing the charge of the IMF fragments, the
corresponding emission time increases up to large values of the order of 300
fm /c . Such fragments predominantly undergo an asymmetric (fission)

fragmentation of a primary PLF in two massive fragments

Erission time
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Dynamical transport BNV simulation BINW
model accounts only for the “prompt” light
component of IMF's (V. Baran et al Nucl
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Enhanced contribution of dynamical
in binary projectile
(dynamical fission) for

component
break-up

neutron rich system
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(2015).

TABLE 1. Isospin (N/Z) of the systems investigated in the

Phys. Rev. C 91, 014610

REVERSE and InKilsSy experiments

System
124 S+ Ni 1.48
M2 89048 Ni 1.24
122 X et Zn 1.30

124 x e 454 N 1.30

N/Z Projectile N/Z Target N/Z Composite

1.29 1.41
1.07 1.18
1.13 1.24
1.29 1.29

P.Russotto et al coll. (sub. to
PRC)
35MeV/nucleon
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it onlind) Ratio of the dynamical component to the total (dynamical+statistical) value plotted as a function of
fitomic number Z, for the "*'Xe+™Zn lun]m circles) and '* MY e+ Ni (full triangles) systems; for comparison, also
Ata of the "'Sn+"Ni (full circles) and ""Sn+"*Ni (empty triangles) systems are shown. The inset shows an example
the cos(fyre:) for IMFs of Z=10 “il?ltl\ line). The statistical contribution (full triangles) is obtained symmetrizing around
cos(fyror) = U the "forward emission”, ie., the cos(f,,0.) < 0 part; the Dynamical contribution (empty &'th;]i.'s] is then U]Jlilmui
by subtracting the statistical contribution from the total one, as deseribed in [12].



Strong alignement : PLF break-up in direct kinematics (left) and reverse
kinematics (right)

At the same bombarding energy (35MeV/nucleon @Ins)

Enhancement of backward
DYNA) fragment yield relative
to the forward component (

STAT)

Similar results:
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Experimental remark (motivation)

Normal density of nuclei was measured by diffusion experiments and/or
deviation of elastic Scattering by Rutherford diffusion and nuclear mass
evaluation (semi empirical mass formula with 5 parameters ). The summary
of all these evaluations is represented by LDM description of the nucleus over
a large scale phenomenology.

From experimental point of view is highly desirable that density far for normal
saturation value , as the one predicted by modern reactions theory, could be
measured with methods as much as possible independent by theoretical
calculations .

In the following i present to your attention (and consideration) a method

that could be valuable for Density determination of the participant region
undergoing clusterisation In the early phase of the reaction (dynamical
emission)



Density determination: the three body analysis
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Recently we have applied the method to different
reactions and colliding systems at the same
bombarding energy (35MeV/nucleon) with the aim
to measure correlations among different
observables at short time scale:

112,124Sn+ 58,64Ni (direct and inverse
kinematics) : Reverse and Time Scale experiments +
More recent InKilsSy :

System N/Z Projectile N/Z Target N/Z Composite

124 g, 1 64 1. 48 1.29 1.41
L2 6n+% Ni 1.24 1.07 1.18
124 ¥ 4 .64 7 1.30 1.13 1.24
124 04 64 1.30 1.29 1.29

Few examples are shown in the presentation
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Normalized Yield
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Sequential, dilute, d=1.2 fm
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Conclusions

In Heavy lon physics at Fermi and medium energies the reaction
mechanism is dominated by a clear dynamical phase of short time
scales (~ 100fm/c) characterised by rapid changing in the baryonic
density leading to the formation of clusters of nuclear matter in a
freeze-out configurations and then to a sequential decay.

Signature of this evolutionary phase are still persistent (against
sequential decay) in the kinematical properties of the detected
fragments and light particles. Different observables are particularly
sensitive to this early phase of the reactions (Isoscaling , Flow, .....).
Among them , in this paper we discussed the relevant role of the
relative kinetic energy, as a signature of the expanding nature of the
participant nucleons of the reaction allowing for direct determination of
both time scale and density.

| am grateful to my friends of the Chimera Working and theorists in
Catania for the decisive help in my more recent activity.
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