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Study of Nuclear Clustering effects

Light Nuclei

Coexistence of cluster and
mean-fields aspects:
connection between cluster

emission and nuclear structure.

Medium Mass Nuclei
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Different type of clustering in nuclei

Neutron-rich nuclei:
molecular structures
of clusters bound by

valence neutrons

Clustering effects on reaction dynamics can be related
either to their preformation or to their dynamical formation.
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Analyze pre-equilibrium
particles emission
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...Using Reaction Dynamics

Possible effects of : rer
) o Studying pre-equilibrium
a-cluster structure in the projectile particles emission
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Projectile
Target
Ebeam (MeV)

The Experiment

Comparing LCP emission from fusion
reactions with different N/Z projectiles.
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Set-up: GARFIELD 47'[ array at LNL LCP in GARFIELD
o -
s = pdt &
uikior slow (ch) "
Ton. Chamber

Mic i Strips * Z identification

Chia * Aidentification (1<Z<3)

Tar, Sy, CS"-:]J:SN_UD

Micros

LCP+ER in RCo

M. Bruno, F. Gramegna et al., EPJ A 49 (2013) 128
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Evaporation Residues are detected in
. . . . . identified in RCo IC vs Si:
coincidence with Light Charged Particles AO=8.6°17°
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compression and
pre-equil. emission
of light clusters

Ny
GY —5&-’ F398
primary\excited

intermediate mass statistical secondary
fragments (IMF) and LC  decay of primary fragments

Theoretical Codes

Statistical Code
GEMINI++

Monte Carlo code to simulate the decay

nuclei formed in fusion/quasi-fusion reactions.

Dynamical Codes

AMD HIPSE

of hot The dynamics is considered by Phenomenological model based

eq. of motion of Gaussian wave on sudden approximation.

_ packets representing the * |t describes nuclear collisions

« Standalone when a good selection of central events colliding nucleons. of heavy-ions in the

can be performed . . .
- Afterburner (after a dynamical code) to produce * |t describes the .cluster. mterme(?hate energy range,

secondary particles distributions from primary fragments structure of the interacting * It takes into account

-> to be compare with experimental data. particles. dynamical and statistical

» It takes into account the effects.

An event file is generated which can be filtered particle-particle correlations.

through a software replica of the exp. set-up.
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19F + 62Nj
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Comparison with Simulations: Z-distribution

Ztot 2 33 —~ QUASI-COMPLETE events | Ztot = 37 <> COMPLETE events

10° = i 10° =
10° 108
107 107) . Exp
10° 108
105 105 I GEMINI++

10° — AMD+GEMINI™
10
10° — HIPSE+GEMINI™
10

1

19F + 62Nj

Normalized Yields (a.u.)

Normalized Yields (a.u.)

0‘.

160 + 65Cu

Normalized Yields (a.u.)
Normalized Yields (a.u.)




L] Exp

A Angular Distributions vs Simulations
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Yields Difference

Angular Distributions Differences: Exp — Simulations
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Angular Distributions Differences: Exp — Simulations

o - particles

98° - 150° 29.5° - 81.5° 8.8° - 17.4°

S 5E45 | |
11,00 1200 1,00 11,00 12,00 13,00 11,00 12,00 13,00

. Feurf iVieVi Focurf iivieVi
I [ I A 0§ I | “l'l“ w .' I su e LR A B B ‘_I'IH '_'

1 E+6 e e )

" 1. ETO ') 11E+6 V| =, ~

Q (8] Q 4&4.kt+b

@ Q - w A~

= 5E+5 & : = = T{::.__:‘\‘ |
= F 3 = El 9 prg NG .
8 ~c.n : a) Q| &0 | .
@ 5, TS 7, A I ‘§
= | | S k=

@ Q Q

S cruc . = S| _EELC

. . -=-Fxp. -
ocu FNI e Exp. - AMD
E..=11.16 MeV || Eqy= 12.82 MeV Complete events - HI

D. Fabris - COMEX®6 - 31.10.2018, Cape Town, South Africa



Experimental Energy spectra: FNi vs OCu
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Energy spectra Difference: FNi - OCu

Energy Plot Differences: FNi - OCu
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Complete events

19F + 62Nj @ 304 MeV

Energy Spectra vs Simulations

160 + 55Cu @ 256 MeV
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Comparison with Simulations: Proton and a Multiplicity
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Differences with different
Simulations
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Complete events

Exclusive a-Channel Probability
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19F 4 62N 180 + ®5Cu

’ Dalitz Plot
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Summary

O The two reactions 10 + 65Cu and '9F + 52Ni have been studied at same projectile energy 16 MeV/u to search
for clustering structure effects in the reacting partners.

O A selection events have been done to take central collisions with Z,,/Z +Z,> 89%

O Complete events (Z,, = 37) have been analyzed:

the 19F + 62Ni system shows an angqular distribution more similar to calculations than 160 + 65Cu ;

From the shape of the Enerqy spectra the 1°F + 62Ni system exibits a larger pre-equilibrium component
with respect to 10 + 65Cu, especially for ‘pure’ o channel > possible projectile a-cluster effects ???
Pure alpha decay channel are predominant and not reproduced by the simulations for the two systems.
The 160 + 65Cu case shows a larger probability than 1°F + 62Ni for such channels.

Selected exclusive 3 alpha decay channel shows a predominance of equal Relative Energy a particles
(Dalitz 1) and equal CM Energy o particle (Dalitz 2).

Asymmetric Dalitz 2 plot is observed with a certain number of events with an elongate right bottom corner
(E; max) > which may indicate the presence of Fast particle emission from pre-equilibrium mechanis
even in this specific decay channel.

Outlook

O AMD and HIPSE new calculations with different input parameters
Q Study of different exclusive decay channels
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