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EXP: highly exclusive detection NUCL-EX collaboration

campaign:

+ STATistical properties of LIGHT nuclei from Fus-Evap.

+ ACLUST-ACLUST2: Study of the competition between fast
and thermal emission from a hot source

GARFIELD+RCo @ LNL

% low multiplicity events & high detection coverage

high energy and angular resolution

complete event Reconstruction

global control on the decay mechanism
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U Hot light nuclei (E*~3 A.MeV) - produced in multi-fragmentation in a wide range
of N/Z - TRACING BACK > access to the symmetry energy term in the NEOS

Hoyle State in 12C + 12C reaction

» Limiting Temperature
» only access to Level densities above the thresholds for particle decay via

L. Morelli et al. J.Phys.G 43(2016) 045110

evaporation reactions (compound nucleus decay theory) > decreasing of NLD
as a function of increasing N-Z

» mainly inclusive experiments 2> lack of complete studies on the evaporation
from light nuclei especially in the mass region A~20

» Some excited states of different nuclei in this mass region are known to present
pronounced clustered structures

O Medium light nuclei 2 studying the competition between fast and thermal
emission from a hot source-> pre-equilibrium processes = cluster emission-> link
to structure effects or dynamical formation?
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Coexistence of cluster and mean-fields aspects:

connection between cluster emission and nuclear
structure.

Medium Mass Nuclei

Clustering effects on reaction dynamics can be
observed. Are they due to cluster pre-formation
either in the colliding partners or in the CN* or do
they derive by a dynamical formation.

Analizying the competition of

AN
CF with fast processes > e =
Thermal vs pre-equilibrium My L >
particles emission ¢ 88 :“
w Pw

Studying the competition between evaporation
(surface) and fast (volume) emission of LCP.

Y. Kanada-En'yo et al., Prog.Theo.Exp.Phys. 01A202 (2012).

P.E. Hodgson, E. Bétdk, Phys. Rep. 374 (2003) 1-89.
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E.R. Distrib.
01ap

cm/ns deg
1,37 0-30
1,28 0-30
1,44 0-28
1,52 0-28

same pre-equilibrium component

same CN Excitation Energy ‘ same statistical component
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Effects of Structure of Interacting
Nuclei & Reaction Dynamics

Y

8 MeV/n 14O +30Sj
7 MeV/n 160 +30§j
7 MeV/n 180+28§j

DEFORMED NUCLEUS

46Ti* & Model Simulations
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{M. Brekiesz et al., Nucl.Phys A 788 (2007) 224c-230c}

| {A. Majetal., Eur.Phys.J. A 20 (2
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GEMINI* (R. J. Charity, Phys Rev C82

(2010) 014610}

Simulate the decay of hot nuclei
formed in fusion/quasi-fusion reaction.

* Standalone - a good selection of
central events can be performed;
different code parameters can be set.
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Figure 2. Left: the yrast lines used in the calculations (solid lin§ and the rigid body
yrast lines with different deformation parameters (dotted Imes). Right: the evolution of
the equilibrium shape of *Ti as a function of spin predicted by the LSD model.

Antisymmetrized Molecular

Dynamics {A. Ono, Phys. Rev. C59,
853 (1999)}

« describes the cluster structure of
the interacting particles.

+ takes into account the particle-
particle correlations.

HIPSE {D. Lacroix, et al., Phys. Rev.
Cé69, 054604 (2004)}

« describes nuclear collisions of
heavy-ions in the intermediate
energy range.

*  Based on sudden approximation.

GEMINI++ as Afterburner (after a
dynamical  code) to produce
secondary particles distributions

from primary fragments = to be
compared with exp data.
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Correlation between the longitudinal 7vs Elqb
momentum and the total detected charge

Zvs Ep
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Complete events - Z-distribution
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Ang. Distributions & Multiplicities
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Results: Z,,,=22

INFN ~

LN Legnaro
Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

Odd Z.- Branching Ratios

Branching Ratio: 10+3°Si @ 111 MeV

Branching Ratio: 1°0+3°Si @ 128 MeV
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Results: Z,,,=22
Even Z .- Branching Ratios
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Branching Ratio: 10+3°Si alll IV#V
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Results: Z,.,,=22
L,=18 =20 correlations

L. Morelli - J. Phys. G Nucl. Part. Phys 41(2014)075108

n=‘|sf n=2nd n=3rd

2, 5
8 8
Q Q
o
>
i > 004 =1 610 20 30 40 50
|I|: Ea—a (MeV)
" — (K »
E — 0.02 5 10 _
a-a D) P
z g
> i
5 10l s
s @ (@ ) ‘E 43
- o i
\ 0.4 | | 10 NI NI W 10 In| FENFEETY AT FR TR AT AN
3 3 > 0. 0 10 20 30 0 10 20 30 40 50
|I|. Jii, © Ea—a (MeV)
) {H o »restdue T o o—o 03 - Lt 2 :
cos(f. ) = ; — Y 7 W
. . . ’ o B i o 10 -
| k residue || k o—0x | . 3 E
il i
Oe‘ﬂg 10 I;I‘Eno"'n'sn 015 ¢ & 19 15 10 5050 051 19 505 005
cos(¥,)

Je (h/2n)

Shape of the cos(6,) distribution: dependence on spin distribution involved in the process,
which depends on the priority of neutron emission in the cascade.

Example for the 12C+12C at 95 MeV case.
Blue and red distributions are obtained by Hauser Feshbach model developed for light nuclei (HFg)

respectively with Jomax=18 hbar (AJ=2) and J,,.x=12 hbar (sharp cut off).
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160+30Si 111MeV

Results: Z,.,,=22
L..=18 - 20 correlations
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Leg=16 — Q-values

INFN N

IN Legnaro

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

g o AMD + Gemini**
0N D 4 oh *"Seauen AMD + Gemini** HIPSE + Gemini**
- San='41.6 =10° ’ B B
CTomhe 3 ——8,=349 S0k
on 10 - szn=-19.7 Al
----- S,=-17.9 %10 gw—
....... S, 6.5 : ©
15 1 s
700 80 60 40 20 0 ~i00 -8
100 -80 -60 —40 20 0
Q (MeV) Q (MeV)

16O+30Si 111MeV

GEMINI*; w=1.0 fm

0 -40 -20 0

i3
:!10

HIPSE + Gemini™

18O+285j 126MeV

80 ~B0  —40 =20
Q (MeV)

80 020 0
Q [{ MeV)

GEMINI™: w=1.1 fm
;:‘103 :
31(12
> 10
T

0 —60 —40 —20 0 =100 80 -8
Q (MeV) Q(MeV)
16Q+30Sj 128MeV 19F+27 Al 133MeV
NG a AMD + Gemmt HIPSE + Germ|n|! a g AMD + Gem|rn| !
- San='41- Sk —- San='31-1 Tk
— - 8,=266 giwz -8, =16.1 giwz,
----- S, =179 > 10 8 =74 > 10f
------- S,= 65 . 1 v § = 40 i
=100 -80 -B0 40 20 0 100 -80 60 40 20 0 700780 60 40 20 0
Q (MeV) Q (MeV) Q (MeV)
GEMINI™: w=1.0 fm GEMINI™: w=1.0 fm GEMINI™: w=1.1 fm
i ’;:‘103 ’:',:‘103 ’;:‘103 ¥ ’;:‘103 i
8.0 L LU 8.
gm gw gm gw
> 10 > 10 > 10 > 10
T T T T
# 1 : i 1 1 1
100 780 -60 0 20 0 160 -80 —60 40 —20 0 <160 80 =60 40 -20 0
Q (MeV) Q (MeV) Q (MeV) Q(MeV)

F. Gramegna COMEXé6 - Cape Town 29 October - 2 November 2018 28



I N flmm

Results: Z,,,=22
Zez=16 - 3a. DALITZ PLOTS

DALITZ 1: relative energies
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DALITZ 2: absolute cm energies
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Results: Z,,=22

Dalitz Plots 12 Z.=16 & 3a.
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Results: Z,,=22

Dalitz Plots 2 7.=16 & 3a
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- Observing the decay of 4Ti*, through the quasi-complete events (Z;;>18) = a reasonable
reproduction by model predictions of the major part of global variables

« nevertheless, some differences observed - crucial in the study of the interplay between the two
different reaction mechanisms: a-particles overproduction observed at forward angles, which
represents a signature of the onset of fast emission not reproduced by dynamical models.

 Looking in more details complete events (Z,,,=22):
o BR for odd Z residues are well reproduced - observed differences in ang distrib. & energy spectra
o BR for even Z residues are guite different from model predictions:
v' overproduction of multiple-o. channels, in which pure a-particles (plus n) are emitted.
v forward emission component evident at variance with p which are correspondingly depleted.
o particle-particle correlations, selecting specific decay channels (1o, 2a 3o .. channels) show
some peculiarities in the experimental data:
v' especially at higher E* larger exp dissipations (more n-evaporation expected) in the a-decay
channels;
v Exp. peak at small relative energy correlations (8Be decay?) in the 2a channel
v equal energy and equal relative energy of the 3a = not accounted for by models both as
yields and shapes.
o Observed experimental trends vs. nE* of different variables > not reproduced by models >
possible extra (structure?) effects in the dynamics of the reaction.

... and Perspectives

>  Final consideration on obtained results are still under discussion due to the huge amount of data and
findings = Dynamical models/phase to be better described - discussion/collaboration ongoing.
>  Further AMD simulations are in progress with different parameter sets (o, — clustering etc.).
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