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a-clusters in light nuclei:

In 1968 lkeda suggested that a-conjugate nuclei are observed as excited states close to decay threshold into
clusters. The original idea was introduced by Hafstad and Teller in 1938.
The starting point is a quite reasonable observation:
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Extension of the clustering concepts

In light nuclei at the neutron drip-line, clustering might be the preferred structural mode

Nuclear states built on clusters bound by valence neutrons in their molecular
configurations might appear
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pitted Light particles ‘
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Experimental setup: GARFILED + ...
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Experimental results (2002-2003): 60 + 116Sn 130,250 MeV (8, 16 AMeV)
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“Our” model: statistical + pre-equilibrium emission

Evaporative (statistical) emission:
Statistical decay of a Compound Nucleus is analyzed using modified PACE2 Monte Carlo code,
with level density parametrization [A.V. Ignatyuk et al. Sov. J.Nucl. Phys. 29 (1979) 450], decay
competition probability (n, p, a, g or fission), kinetic energy of emitted particles, binding energy,
transmission coefficients, angular momentum.

= [Insertion of non-equilibrium stage in the fusion reaction

= All the process probabilities are calculated within the Hauser-Feshbach model

Pre-equilibrium emission:
The relaxation process in the nuclear system after fusion reaction is described by the Hybrid
exciton model based on Griffin model [J.).Griffin Phys. Rev. Lett.17 (1966) 478].
The state of nuclear system produced in the collision is determined by the exciton number
n=p+ h, where p is the number of valence particles over the Fermi energy and h the number of
holes located under the Fermi energy, and by excitation energy E*.

=  The exciton number can be determined from the empirical trend

[N.Cindro et al. Phys. Rev. Lett. 66 (1991) 868; E. Bétak Fizika B12 (2003) 11]
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Model Parameters:

Ny =py+ hy Number of excitons

k 100 — 800 MeV3

g = 6a/m? Level density parameter O.V. Fotina et al. Int. Journ. Mod. Phys. E19 (2010) 1134
D.O. Eremenkoet al. Phys Atom. Nucl. 65 (2002) 18
O.V. Fotina et al. Phys. Atom. Nucl. 73 (2010) 1317c
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Comparison with the model (130 MeV)
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Comparison with the model (250 MeV)
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“Our” model: statistical + pre-equilibrium emission + CLUSTERING

Evaporative (statistical) emission:

Statistical decay of a Compound Nucleus is analyzed using modified PACE2 Monte Carlo code,
with level density parametrization [A.V. Ignatyuk et al. Sov. J.Nucl. Phys. 29 (1979) 450], decay
competition probability (n, p, a, g or fission), kinetic energy of emitted particles, binding energy,
transmission coefficients, angular momentum.

= Insertion of non-equilibrium stage in the fusion reaction
= All the process probabilities are calculated within the Hauser-Feshbach model

Pre-equilibrium emission:

The relaxation process in the nuclear system after fusion reaction is described by the Hybrid
exciton model based on Griffin model [J.).Griffin Phys. Rev. Lett.17 (1966) 478].

The state of nuclear system produced in the collision is determined by the exciton number
n=p+ h, where p is the number of valence particles over the Fermi energy and h the number of
holes located under the Fermi energy, and by excitation energy E*.

=  The exciton number can be determined from the empirical trend
[N.Cindro et al. Phys. Rev. Lett. 66 (1991) 868; E. Bétak Fizika B12 (2003) 11]

Clustering:
Pre-formation probability of cluster and exciton energies for cluster/light ion induced reactions
[M. Blann et al. Phys Rev. C 62 (2000) 034604]
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Adding a-clusters preformation probability to the decay model:

2 possible starting configurations are
116§ considered in 180 nucleus
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Experimental results (2002-2003) — with clustering:
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“Dynamic Dipole”: GARFIELD (digital) + Phoswich

160 + 1165 E, = 192 MeV (12 AMeV)
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Experimental results (192 MeV):
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Experimental results (192 MeV):
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Comparison with the Hybrid Exciton Model - protons (192 MeV):

| Confronto tra modelio e dati sperimentali - O+Sn a 192 MeV |
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Comparison with the Hybrid Exciton Model — a.-particles (192 MeV):
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“ACLUST 2013”: GARFIELD + Rco

i)l 160 + %5Cu E, = 256 MeV (16 MeV/u) CN 8Rb* E*(160) = 209 MeV
‘_3_ 19F + 62Nj E, = 304 MeV (16 MeV/u) E*(1°F) = 240 MeV

Comparing the light charged particles emitted in fusion reactions where an a—cluster
projectile (10) and projectile without o clusterization (1°F) are used.
The two systems have the same projectile velocity.
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ACLUST experiment (2013):
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Experimental Proton spectra in Lab — ES +6i5|\f.”
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Experimental a particles spectra in Lab __ 0+®Cu

for Fragmentidentificatio
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CM Spectra at different angles

atiVe Collisions

Proton in CM Alpha in CM
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Comparison with Hybrid Exciton Model (NO clustering):

160 +65Cu  n, =17 16(1)

Protons

Exp

Total

S

10*

(a.u.) .
=
._w.| :F‘

Counts
|T|3" =

—

10"

10°F

113°- 127°

Pre-eq
Evap
PACE

S e B TR SR A

i i
100 150
E_ (MeV)

laky

i i
100 150
E_ (MeV)

laky

50

i
100

i
150
E,,, (MeV)

i
150
E,,, (MeV)

i
100

L
50

| O_Cu_B_prototot_n017_cs5 | |

O_Cu_B_prototot_n017_cs6 |

O_Cu_B_prototot_n017_cs7 |

| O_Cu_B_prototot_n017_cs8 |

Wi N .. 67820

53°- 67°

i
150
E,, (MeV)

10*

10°

41°-53°

50

10"

"""" 150
E,, (MeV)

|
50

£
D
&



| Comparison with Hybrid Exciton Model (NO clustering):
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Comparison with Hybrid Exciton Model (NO clustering):
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| Comparison with Hybrid Exciton Model (NO clustering):
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Comparison with Hybrid Exciton Model: o— particles
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Comparison with Hybrid Exciton Model: Protons
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Summary:

»  Preliminary results seem NOT to confirm the predicted difference between the two systems
(160+65Cu and 19F+62Ni) due to a-clustering effects in 160 induced reactions.

» Using the same parameters the Hybrid Exciton Model describes resonably the a-particles
but strongly overestimates the protons. Cluster preformation has to be considered to take
into account the alpha — protons emission competition.
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Summary:
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Analysis is in progress....

To extract energy spectra for all particles p, d, t, 3He, o also for the most forward angles of the Rco
where the pre-equilibrium emission and any possible difference are maximized.

To study angular and energy correlations of the emitted particles event-by-event.

To perform more selective coincidences with evaporation residues, as a function of their energies

and of the detected angles.

To complete the Hybrid Exciton Model calculations for all particles and for all the measured angles.
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Outlook: SPES
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ACLUST experiment (2013): 160 +65Cu 160 +6°Cu PACE
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[D. Fabris, IWNDT 2013, Texas A&M University, College Station, Texas]
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[D. Fabris, IWNDT 2013, Texas A&M University, College Station, Texas]

Alpha spectra in Lab

T. Marchi— International Workshop on Multi facets of Eos and Clustering — Catania, 6-9 May 2014



100000

° Cs8 Settore 1 - protoni
10000 A O_Cu_256MeV._sperim
A F_Ni_304MeV_sperim
1000 ® O_Sn_250MeV_sperim
— -0_Sn_OLGAB _tot
——0O_Cu_OLGAB_tot
100 , |
S 10
£
g 1 o o
'§ 0 20 40 60 80 100 120
i 100000 ——————— =
' | CS5 Settore 1 - protoni
&= 10000 |,

O_Sn_250 sperim
O _Cu_256_sperim
o [ Ni_ 304 sperim
e () Sn_OLGAB tot
=== (O Cu_OLGAB tot
— -F_Ni_OLGAB_tot

|
10 ,
|
| P ',
1 L;:::::::::::::::::”:k;:::: -
0 20 40 60 80 100 120

o
(8]
£
©
(&
L
)
g
QD
L)
|
+
c
Q
&
©
-
(N
| 58
&
Z
[
5
@

i
h
—
b
&

Ger

T. Marchi— International Workshop on Multi facets of Eos and Clustering — Catania, 6-9 May 2014



O
g
b
©

r

eneral ARNGY For Fragmentidentis

A

Experimental results (2002-2003) — with clustering:

250 MeV 160 + 116Snp
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Light particle emission mechanisms

Moving source analysis

1) Evaporative (statistical equilibrium) contribution
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