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Outline
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 The RIBRAS system
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K. C. C. Pires | XIV LASNPA — UNAM/México — 2024



SRIFUSP
The nuclide chart: Nuclear Physics' field of study
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Other properties of exotic nuclei

e Exotic nuclei in general are far from the line of stability
e Show different properties from those of stable nuclei.

* an excess of protons (proton-rich) or neutrons (neutron-rich),
* low binding energy;

* half-lives that can vary from days to minutes to microseconds.

b
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B.E(MeV) (structure)

weakly bound nuclei B.E(MeV) (structure) exotic_nuclei
oL 1.47 (ov+d) 1 (T, ,=8.75ms)
L 2.46 (a+t) SHe (T,,,=807ms)
9Be 1.67 (c+a#n) 11ge (T,,=13.81s)
88 (T,,=770 ms)
F(64.55)

0.300 (n+n+°Li) three-body
0.973 (n+n+alfa)

0.501 (n+'%Be)

0.137 (p+7Be)

0.6 MeV (p+1€0)

0.1 MeV for 1st 1'F excited state

Stable nuclei have separation energies for protons and neutrons around 7-10 MeV.
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Why to study nuclei outside the stability line?

O What are the limits of the atomic nucleus?

U Testing nuclear models under extreme conditions of isospin and very low binding
energies. Nuclear models were developed based on data from nuclei near the
stability line.

O How does nuclear structure depend on isospin?

L Measurements of masses and radii of nuclei near the drip line. New phenomena
such as neutron and proton halos / neutron skin.

O Nuclear Astrophysics: The nucleosynthesis of elements in stars involves paths that
include exotic nuclei.

O Applications: Production of radioisotopes for medicine.
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Major Facility for Nuclear Physics research in Brazil

Tandem Accelerator
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8§ MV tandem

EDIFICIO “05CAR SALA"

University of Sao Paulo
Brazil

primary beams:
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RIBRAS - Radioactive lon Beams in Brasil ¢ rysp
First RIB facility in the Southern Hemisphere, installed in5004
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Production target

Solid targets: °Be, LiF, 12C, etc
or gas targets

Angular acceptance
2deg<AO<6deg  — 30msr

collimator

30 cm

PRIMARY BE :
solenoid bore

ofenoid
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Selection with the first solenoid 20% IFUSP
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Beam purification using double solenoids
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Production reactions beams at RIBRAS ?0% IFUSP

target(projectile,ejectile)recaoil

primary target secondary beam
primary beam

Secondary Beam  Production Reaction Intensity (pps)

SHe 9Be("Li,’He) 10™ (I imary ~ 300 NAE)
8Li 9Be(’Li,2Li) 10+
Be SHe(°Li,’Be) 10%°
Be 3He(’Li,’Be) 10*°
5B 3He(SLi,2B) 10+
10Be ‘Be(11B,1°Be) 10+4
Be Li(°Li,’Be) 105
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Scientific interest at RIBRAS

Inclusive measurements of nuclear reactions with weakly-bound, cluster-
structured, low-energy, light, radioactive ion beams
®He +°Be,?’Al,>!V,58Ni,2%Sn
Be + ?Be, ?27Al, 51V
Elastic scattering: 1 2B+ °Be, ?7Al
5Li-+9Be, *5Ni, 2%n, 12C
’Be, °Be, 1°Be on 2C
12B 4+ S8Nj

(only first solenoid,cocktail beams)

Breakup measurements: °*He +12Sn—>4He+X (2 neutron transfer)
8Li + >Ni = “Li + °°Ni ( 1 néutron transfer)

Resonance scattering with radioactive beams on H target
8Li+p,®He+p,°B+p

b
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Some results at RIBRAS
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Physics Letters B 647 (2007) 30-35

®He+27Al elastic scattering
First results of RIBRAS
Optical Model calculation Sao Paulo
potential (N~0.7 ; a=0.56(2)=normal
nuclear diffuseness)
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No effect of breakup coupling.

Nuclear Physics A 834 (2010) 491¢c—494c¢ U\)

®He+%1V elastic scattering

Optical Model calculation Sdo Paulo
potential (N ~1.4(4) ; a=0.67(3) larger than
normal nuclear absorption and diffuseness)
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®He+°Be elastic scattering

PHYSICAL REVIEW C 83, 064603 (2011)

Experimental study of “He + *Be elastic scattering at low energies
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couplings to
nuclear
breakup
channels are
important in
®He reactions
by light targets

3 and 4 body CDCC calculations for ®He
(continuum discretized coupled-channel)
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®He+1205n elastic scattering
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PHYSICAL REVIEW C 81, 044605 (2010) T 6'H L
Elastic scattering and total reaction cross section of °He + '’Sn 1 I et Sn@lr4 Mev:
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®He+%8Ni elastic scattering

Physics Letters B 732 (2014) 228-232

Four-body effects in the He + *8Ni scattering

V. Morcelle®b, K.C.C. Pires %!, M. Rodriguez-Gallardo®, R. Lichtenthaler &-*,
A. Lépine-Szilyd, V. Guimardes d, PN. de Faria b, D.R Mendes ]um’orb, AM. Moro®,
LR C.asquesd, E. leistenschneiderd, R. Pampa Condori d, V. Scarduelli 'j, M.C. Morais f,

A. BarioniZ, |.C. Zamora', |.M.B. Shorto”

Comparison with CDCC calc.

3-body and 4-body CDCC
calculations give different cross
Sections at 6, > 40°

Excellent agreement with
4-body CDCC calculation

No free parameters!
5He - target potential

Uste 1= <Ospe | U tU, U, 7 0>

The cluster-target potentials are
obtained from scattering data from
previous experiments.

4b-CDCC calculations:

- cluster model for the ®He-target potential
- coupling to continuum (breakup states)
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— |
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K. C. C. Pires

XIV LASNPA — UNAM/México — 2024



Works in progress: b IFUSP
6He+27A| system @ Elab=17-5MeV O oo

Master project of H. F. 6. de Arruda

- .
4 6He+27AI 15 degree (in progress)
3000 —_— i p 9
Enfries 08878
2500 % m::“; ol R
ms'. S i g:?mw; .41?0153 o 1.00 - e 22:: :r = 1(7):)) :; = ;ZZ
" .. ot :Nr=1.70; N; = 2.
15DDI-_-""‘- - @ This work
| \*’“'*--. e 300 Curvas de Nivel de y'; N = 13
1000 — Maa, — 1064
g i ® Mnmo Locak iNm 170, N= 2.48)
200 PSP oaetaa (N~ 1 N 0.78) s
- 4He
" i A
Seo6Bago @ooofooop E 0.10 614
=)
049
200 =
80 9 &
160
40 0.01 1
c e 20 |
1500
; i N\
i . 50 T T T T T T T T 1
“m_ § 80 0 20 40 60 80 100 120 140 160 180
:‘ N _WHE 60 . Bcm (degree)
500 * HETHARER 4He © I D EAo
_-..,;52",_-_-\,-_-_ E—J-d' I...,_, i o 20

o s wewewowowsowo o verify the no effect on the nuclear coupling
(b)
K. C. C. Pires XIV LASNPA — UNAM/México — 2024




Works in progress: b IFUSP
6He+27A| system @ Elab=17-5MeV O oo

Master project of H. F. 6. de Arruda
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°He+"3Zr system @ E,,,=18MeV
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Master project of F. R. Loureiro
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6 51 —
H e+ V SyStem @ Ela b™ 18M eV Master project of J. A. E. Narvdez

(in progress)
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3Li+°Be system @ Elab =21 and 26 MeV

Master project of D. A. Santana
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Total Reaction Cross Section
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de Fisica da USP

Future research plans at RIBRAS 20% IFUSP

 Main research objectives: Study in detail the reaction mechanism of weakly bound,
cluster structured radioactive nuclei with light, medium and heavy mass targets at
energies around the Coulomb barrier.

* Increase the detection capability for charged particles and y-rays at RIBRAS.

* Exclusive measurements of nuclear reactions with weakly bound radioactive at energies
around the Coulomb barrier;

. The plan consists in the use of existing and the installation of new digital equipment (strip detectors for charged
particles, Lyso gamma detectors and electronic devices mainly digitizers) at LAFN = Breakup, transfer =
coincidence measurements

 Fusion measurements with weakly bound radioactive beams at energies below and
around the Coulomb barrier

* A low-energy, light, radioactive beam facility, as RIBRAS, can make competitive
contribution in nuclear reaction studies.
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RIBRAS COLLABORATION
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RIBRAS COLLABORATION

USP l - : '
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