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Reactions at energies around the Coulomb barrier

Why are we still doing research with electrostatic accelerators?
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... develop into applications related to health, materials science, biology and medicine, aerospace technologies, and

many others ...
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Reactions at energies around the Coulomb barrier
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Reactions at energies around the Coulomb barrier

Elastic scattering: overwhelming process

Projectile X s ,ttering angle

Impact parameter

Nuclear

—> very useful for probing the nuclear interaction!!!



Optical model

Complex potential:
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Reactions at energies around the Coulomb barrier

Besides the elastic scattering, other processes may occur ...

Inelastic excitation

Transfer

Nuclear

Complete fusion



Weakly-bound nuclei - Cluster structure

16N 17N 18N

Nucleus Cluster B.E. (MeV)
— OLi a+ d 1.474
i o+t 2.467
‘Be o+ a+n 1.665
weakly-bound 108 611 + « 4.46

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

Courtesy of V. Scarduelli



Reactions at energies around the Coulomb barrier

Weakly-bound nucleus = larger probabilty to breakup
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Reactions at energies around the Coulomb barrier

Weakly-bound nucleus = larger probabilty to breakup

120§ n* Optical model
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Nature should be simple... but apparently it is not

PHYSICAL REVIEW C 88, 034609 (2013)
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8B + 1205n breakup

i . : 300 nature communications A
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Breakup of the proton halo nucleus ®*B near
barrier energies
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30B SETUP - TIMELINE

0B + 1205n @ 40 MeV
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30B SETUP - TIMELINE




30B SETUP - TIMELINE

0B + 1205n @ 40 MeV
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Coupled-channel calculations
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Coupled-channel calculations

6, ., (degree)

i: (a)

1

= ® STAR

- ® SATURN

| - — - vibrational without s.0.

| — rotational without s.0. TSR]

£ — — rotational with s.o.
e B

P il (b)

-1

L no couplings

— N,=1.0

3 N, = 0.88

C 1 L 1 1 1 1 1 L 1 ‘ 1 1 1 ‘ 1 1

30 60 90 120 150

Gel / GRuth

—
o
\\HI‘

>
p——_
[v]
—n
[¢)
=
0]
>
(@]
(0]
-
4]
«Q
o
>




Weakly-bound nuclei - Cluster structure
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Weakly-bound nuclei - Cluster structure
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2016 2022

Inclusive measurements
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- Large granularity

- Large geometric efficiency
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Exclusive measurements
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Large area 16 strips telescopes (1000 + 300 + 20 microns)
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Li+195n @ 24 MeV
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10B+119Sn @ 40 MeV
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Sum of all 256 pixels 1°B+11°5n @ 40 MeV

Preliminary analysis
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Sum of all pixels 19B+1195n @ 40 MeV
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Sum of all 256 pixels 1°B+11°5n @ 40 MeV
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1"B+119Sn @ 40 MeV
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Sum of all 256 pixels 1"B+11°Sn @ 40 MeV
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Sum of all 256 pixels 1"B+11°Sn @ 40 MeV

4000

3500

dE (Channels)

3000

2500

2000

1500

1000

|l||||IIII|IIII|I:‘II‘IIlI|lII1|IIII|

500

'.".h-'-'e,;';. - - R ...J.‘.-.a»'-;::t"' IR EEE o
| | | | | | | | | | | | | | | | | | | | | 1 | | | l | | ] | [ | 1 | | | | | | |
g 500 1000 1500 2000 2500 3000 3500 4000
E (Channels)

Lack of 4He events in coincidence with 7Li particles i '
1

o




Summary

- 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

- 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

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

Students are very welcome for joining our research group!

Thank you !
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Forthcoming

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

D. Dell’Aquila et. al., NIM A877, 227 (2018) INFN - USP collaboration (MOU)

Si PIN photodiodes

Building 2 pieces




OSCAR - HOdoscope of Silicons for Correlations and Analysis of Reactions

Si Pin
photodiodes
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16 - Si Pin diodes 10x10mm



OSCAR - HOdoscope of Silicons for Correlations and Analysis of Reactions




OSCAR - HOdoscope of Silicons for Correlations and Analysis of Reactions

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

Si Pin
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Large area Si PIN photodiodes

SSSSD (W1-SS): Single Sided Silicon Strip Detector - 16 tiras - 20um Hamamatsu - $3590 feries
16 - Si Pin diodes 10x10mm Photosensitive area = 10x10mm
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