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2015 – 2020

45º, 30º, 15º

Experimental hall is divided into
two rooms: A and B

Room B: 3 experimental beam lines
15B; 30B and 45B (RIBRAS)

Goals:

➢ Permanent dedicated setup

➢ Long term experimental campaigns
     

✔ beam time availability
✔ good statistics
✔ precise new data

❑ Open Laboratory of Nuclear Physics

experimental hall

30B beam line
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❑ 13C+ 197Au @  60, 65 and 70 MeV (2018)

break up 
triggered by
transfer



FROM AN EXPERIMENTAL POINT OF VIEW 

We have four main TOOLS:

1. Access to the facilities.

2. High beam intensities.

3. Permanent/dedicated experimental setups.

4. Long term experimental campaigns.

RECENT  GOOD  EXPERIMENTAL  DATA  ARE  AVAILABLE
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   GOALS:
✔ How the weakly (stable or exotic) bound structures affect the dynamics of nuclei reactions?
✔ May theoretical models developed to study stable nuclei be applied to weakly bound & exotic ones?

CONCEPTS:
❑ The elastic scattering is the simplest process to test a theoretical model.
❑  The optical model (OM) is the most used theoretical approach for the corresponding DATA analysis.
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The imaginary part of the nuclear potential  represents the absorption of the elastic 
channel.

26

Imaginary part of 
the potential

● Inelastic scattering
● Transfer reaction
● Breakup reaction
● Knock-out reaction
● Pick-up reaction
● Fusion

Elastic scattering

a + A → a + A

Optical Model



27

Double-folding nuclear São Paulo potential (SPP).



28

Double-folding nuclear São Paulo potential (SPP).



real 
potential

imaginary
potential

29

Double-folding nuclear São Paulo potential (SPP).
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Zero-range interaction:

V0=-456 MeV fm3 [1]
The NN interaction range is 
negligible compared to nuclear 
density

Double-folding nuclear São Paulo potential (SPP).

[1] L. C. Chamon et al.  Phys.Rev. C66, 014610 (2002).

Projectile

Target
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[1] L. C. Chamon et al.  Phys.Rev. C66, 014610 (2002).

Zero-range interaction:

V0=-456 MeV fm3 [1]
The NN interaction range is 
negligible compared to nuclear 
density

Double-folding nuclear São Paulo potential (SPP).



[2] M. A. G. Alvarez et al., Nucl. Phys. A723, 93  (2003). 
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Double-folding nuclear São Paulo potential (SPP).

Stable nuclei reactions have been successfully described assuming 
the fundamental double-folding nuclear São Paulo potential (SPP).
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Double-folding nuclear São Paulo potential (SPP).

Stable nuclei reactions have been successfully described assuming 
the fundamental double-folding nuclear São Paulo potential (SPP).

[2] M. A. G. Alvarez et al., Nucl. Phys. A723, 93  (2003). 



Stable nuclei reactions have been successfully described assuming 
the fundamental double-folding nuclear São Paulo potential (SPP).
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Double-folding nuclear São Paulo potential (SPP).

Reproduce more than 40 systems!!

[2] M. A. G. Alvarez et al., Nucl. Phys. A723, 93  (2003). 
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❑ Different projectiles + 120Sn @ energies below, around and above the respective Coulomb barrier
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❑ Different projectiles + 120Sn @ energies below, around and above the respective Coulomb barrier
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Experimental DATA from:
Phys. Rev. C 82, 044606 (2010).
J. Phys. Soc. Jpn. 25, 14 (1968) .

41M. A. G. Alvarez et al., PHYSICAL REVIEW C 100, 064602 (2019)
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Nucl. Phys. A 679, 287 (2001). 

43M. A. G. Alvarez et al., PHYSICAL REVIEW C 100, 064602 (2019)
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Experimental DATA from:
Z. Phys. A: At. Nucl. 273, 211 (1975). 
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Experimental DATA from:
Phys. Rev. C 81, 044605 (2010). 
Phys. Rev. C 99, 014601 (2019). 

53M. A. G. Alvarez et al., PHYSICAL REVIEW C 100, 064602 (2019)
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Experimental DATA from:
Phys. Rev. C 81, 044605 (2010). 
Phys. Rev. C 99, 014601 (2019). 

54M. A. G. Alvarez et al., PHYSICAL REVIEW C 100, 064602 (2019)
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Strong Surface Absorption 
(SSA)

Studying the intensity of
the imaginary potential
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M. Aversa et al., Phys. Rev. C 101, 044601  (2020)

Fusion is somehow favored for 10B, while peripheral reaction channels, which are connected to strong 
surface absorption processes, are favored for the other weakly bound nuclei.
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Coulomb dipole polarization effect

HEAVY 
TARGET 
(Z=82)

Distorted

Break-up
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A simple analytical formula for the Coulomb dipole 
polarization (CDP) potential was derived in:

Coulomb dipole polarization effect

ħ
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Coulomb dipole polarization effect

Coulomb dipole polarization potential
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Coulomb dipole polarization effect
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nuclear potential
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Coulomb dipole polarization effect
studying the intensity of
the imaginary CDP potential
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CONCLUSIONS:

❑ We work on an international network based on using pelletron-tandem facilities.

❑ We have analysed 40 elastic scattering angular distributions of stable strongly bound, weakly bound  
and exotic nuclei, mainly on 120Sn, at energies below, around and above the Coulomb barriers.

❑ We have analysed them with an OP based on the nuclear São Paulo Potential, allowing the most 
sensitive parameter to vary, which showed to be strongly connected to the projectile binding energy. 

❑ Within this context, we have also showed the importance of the Coulomb dipole polarization potential, 
derived from the semi-classical theory of Coulomb excitation.

❑ We identified the evolution of long-range absorption as a function of the projectile binding energy, 
which, for more exotic nuclei, is dominated by the Coulomb interaction.

❑ The proposed approach shows to be a fundamental basis to study any nuclear reaction. 

104



105



RECENT PUBLICATIONS:

❑ Physical Review C 101, 044604 (2020)

❑ Physical Review C 101, 044601 (2020)

❑ Physical Review C 100, 064602 (2019)

❑ Physical Review C 99,   054605 (2019)

❑ Physical Review C 99,   064617 (2019)

❑ Physical Review C 99,   014601 (2019)             

❑ Physical Review C 98,   064601 (2018)             

❑ Physical Review C 98,   034615 (2018)             

❑ Physical Review C 98,   024621 (2018)               

❑ Physical Review C 97,   034629 (2018)   

❑ Physical Review C 95,   064614 (2017) 

106



THANK YOU FOR YOUR 

ATTENTION

107


