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... develop into applications related to health, materials science, biology and medicine, aerospace technologies, and 
many others ...
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Elastic scattering: overwhelming process

very useful for probing the nuclear interaction!!!



Optical model
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The São Paulo potential:
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The São Paulo potential:
L. R. Gasques - PhD thesis - 2003



Reactions at energies around the Coulomb barrier
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Besides the elastic scattering, other processes may occur ...

Coulomb

r 

Nuclear

VB

RB

E



Weakly-bound nuclei - Cluster structure

https://www.nndc.bnl.gov/nudat3/

weakly-bound

Nucleus       Cluster               B.E. (MeV)

Courtesy of V. Scarduelli
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Optical model 

+ a model to account for other channels besides 
the elastic scattering



Reaction dynamics: 
weakly-bound projectiles



Nature should be simple... but apparently it is not 

PHYSICAL REVIEW C 88, 034609 (2013)

D.H. Luong, et al.
DOI: 10.1103/PhysRevC.88.034609

BALiN (Breakup Array for Light Nuclei) 

7Li + 207Pb

direct 
breakup 

Breakup followed by transfer
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8B + 120Sn breakup



LAFNA - IF - USP

  30B beamline

8 MV: 3-5 MeV/nucleon



30B SETUP - TIMELINE

2016
10B + 120Sn @ 40 MeV

Image from Juicing Vegetables
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SSSD

MáscaraMask

Pad
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MáscaraMask



30B SETUP - TIMELINE

10B + 120Sn @ 40 MeV
16 pseudo-telescopes



10B + 120Sn @ 40 MeV
5.791 MeV

120Sn

1H



Coupled-channel calculations



Coupled-channel calculations
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10B+120Sn

11B+120Sn

37.5 MeV
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Basic requirements:

- Large granularity

- Large geometric efficiency 



30B SETUP - TIMELINE
2023

beam

STAR

SATURN



Pad
SSSSD

SSSSD

            Large area 16 strips telescopes (1000 + 300 + 20 microns)

256 pseudo-telescopes



7Li+119Sn @ 24 MeV 

256 pseudo telescopes
area 3 x 3 mm2 



10B+119Sn @ 40 MeV 

4He

7Li: 3He transfer

6Li : alpha transfer / Breakup

9Be: próton stripping

10Be : Charge exchange

12C : deut. pickup

Elastic Scattering
Inelastic Scattering 11B: neutron pickup

256 pseudo telescopes
area 3 x 3 mm2 



Sum of all 256 pixels 10B+119Sn @ 40 MeV

Preliminary analysis



Sum of all pixels 10B+119Sn @ 40 MeV

gate on 6Li events



4He

Sum of all 256 pixels 10B+119Sn @ 40 MeV

Coincidence spectra with 6Li particles



11B+119Sn @ 40 MeV 

4He
7Li : alpha transfer

9Be: deut. stripping

10Be: próton stripping

12C : proton pickup

Elastic scattering
Inelastic scattering

10B: neutron stripping

Experimental campaign 17-28 of April 2023

256 pseudo telescopes
area 3 x 3 mm2 



Sum of all 256 pixels 11B+119Sn @ 40 MeV

gate on 7Li events

Preliminary analysis



Lack of 4He events in coincidence with 7Li particles 

Sum of all 256 pixels 11B+119Sn @ 40 MeV



- Several reactions have been investigated at LAFNA

- The simultaneous description of many reaction processes are a good benchmark for nuclear potential models 

- All in all, coupled-channel calculations provide a reasonable description of the data 
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- Several reactions have been investigated at LAFNA

- The simultaneous description of many reaction processes are a good benchmark for nuclear potential models 

- All in all, coupled-channel calculations provide a reasonable description of the data  

Summary

The development of instrumentation is extremely important and must go on ....

Students are very welcome for joining our research group!

Thank you !



OSCAR

Forthcoming



OSCAR (hOdoscope of Silicons for Correlations and Analysis of Reactions)

D. Dell’Aquila et. al., NIM A877, 227 (2018)

Building 2 pieces

INFN - USP collaboration (MOU)

Forthcoming



OSCAR - HOdoscope of Silicons for Correlations and Analysis of Reactions 

SSSSD (W1-SS): Single Sided Silicon Strip Detector - 16 strips - 20μm
16 - Si Pin diodes 10x10mm

SSSSD

Si Pin 
photodiodes

64 pseudo telescopes
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OSCAR - HOdoscope of Silicons for Correlations and Analysis of Reactions 

Hamamatsu - S3590 series
Photosensitive area = 10x10mm

SSSSD (W1-SS): Single Sided Silicon Strip Detector - 16 tiras - 20μm
16 - Si Pin diodes 10x10mm

Large area Si PIN photodiodes

SSSSD

Si Pin 
photodiodes

Pré-ampl (H4083) low-noise
Hamamatsu  22mV/MeV
+/- 12V, 150mW

Dissipador 
de calor

Pastilha Peltier
Termoelétrica



https://codeocean.com/capsule/9505815/tree/v1Code Ocean webpage: 

Code: Regina.f    
Files: distribution.dat & density.dat  


