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Dissipative reaction mechanisms, involving heavy ions, can probe
several aspects of the nuclear effective interaction and nuclear EOS

Outline

* The tool: mean-field models (TDHF, Vlasov, SMF) and
effective interactions

= Some examples of suitable low-energy (E/A ~ 5-10 MeV/A)
reaction mechanisms

= Covariance analysis:
Sensitivity of selected observables to specific ingredients
of the effective interaction



Mean-field models and effective interactions
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The nuclear Equation of State (T = 0)
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Low-energy reaction mechanisms:
a study within mean-field models

*Fusion vs Quasi fission or
Deep Inelastic » Fragmentation

» Ternary breaking ™= | ,ohin diffusion

* Charge equilibration (Fermi energies)




Fusion vs. Quasi Fission: towards the synthesis of SHE

PHYSICAL REVIEW C 94, 024605 (2016)
Umar, Oberacker, Simenel
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» A recent investigation: Ternary Quasi Fission

SMF
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Sensitivity to E ., & Multidimensional Analysis

Ternary breakup In n-rich systems:

5

R W W
=

o o

@ 1248n +%Nj, E/A=10 MeV, b = 6-8 fm
g DF :
g PLF-TLF
£, % configuration y
8 , at separation |
' time v

1 1
50 100

150 200 250,
X-coordinate [arb. units]

L ']
50 300 350 400

Absolute Value of Weight [arb. units]
=]
B

[arb. units]

[arb. units] P.Cammarata et al., NIM A761, 1-6 (2014)

03
————— =50
b) 1 0.2
140
0.1
0 5 0 [ R T B
. @ E"l Jl pxl %I QI
o> -
310 N
al I E SDD_
1 L1 — :0 :
d) _ -
740 EDD_—
Quad.| Oct 3 2007
_;30 < = C
- 3 2 L
shifted tq the left B0 & 100
for stiff 3 i
10 -
] E n
QE.L PP I I P = 20 ST P I PR = I T P = E S g D_1
-0.08 -0.04 0 0.04 0.08-0.08 -004 0 0.04 008 .
Quadrupole Moment Octupole Moment SIR Value [arb. units]




» Dipole excitations in heavy i1on reactions (Dyn. Dipole)
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Dynamical Dipole in heavy ion reactions (DD)

 The restoring force is provided by the symmetry term (as in the standard GDR)
probe the symmetry energy in the density conditions and configurations
reached along the reaction path

© @

t=90 fm/c | t=180fm/¢c | t=270 fm/c | t=380 fm/c

« Cooling mechanism in the formation of SHE

» Few experimental data: more systematic analysis needed

» Theory: a more systematic study of the sensitivity of this mechanism to
the ingredients of of the effective interaction and two-body dissipation needed

Ground state deformation important ???

—> DD in the fusion-evaporation of the 4°Ca + 152Sm heavy system, C.Parascandolo et al., PRC 93, 044619(2016)



DD oscillations:
dependence on the effective interaction
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* Larger strength seen in the MD case:
similar to the enhancement factor in the GDR sum rule




Correlations: observables vs. parameters

A set of 8 parameterizations
in SMF simulations:
Skyrme (MI) and SAMi-J31
+ oy = 40 mb, *2, /2
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Parameters (B):

Covariance analysis
see also Zhang et al, PLB 749, 262 (2015)
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d Conclusions

Reactions with RIB’s open the opportunity to learn about fundamental
properties of the nuclear effective interaction, of interest also in the
astrophysical context

» Low energy collisions:

Reaction mechanisms at the borderline with nuclear structure:
- role of effective interaction, 2-body dissipation

- n-skin, g.s. deformation

-Competition between reaction mechanisms (n-rich neck dynamics)
-Pre-equilibrium y and particle emission

Collaborators: Hua Zheng (LNS), Stefano Burrello (LNS),
V.Baran (University of Bucharest, Romania)




