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Overview

A bit of recent Nuclear (Astro) history in Portugal

Portuguese participants/activities in Nuclear &/or Astrophysics

o

o

O Portuguese facilities for Nuclear &/or Astrophysics
O Recent Low-Energy efforts for NA in Portugal.

o

Summary



Some Recent
History

Of Portuguese Nuclear Science




Nuclear History in Portugal
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Nuclear History in Portugal
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| Nuclear History in Portugal
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Nuclear History in Portugal

® Portugal joins CERN
1986




Nuclear History in Portugal

® Portugal joins CERN
1986

i ® LIP is founded

l

2024

® LIP has grown to over
200 people and 3 poles
in Portugal



‘ Portuguese International Partnerships

PROGRAMA IBEROAMERICANO DE CIENCIA|
Y TECNOLOGIA PARA EL DESARROLLO
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Portuguese in the
Cosmos

of Nuclear Astrophysics




Portuguese in the Cosmos: LUNA

Collaboration with C. Rolfs I Gz
® A.Jesus & J. Cruz — 1990s to 2006
N VA Members of the LUNA collaboration
Electron screening studies Study of the “*N(p,y)"O reaction
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Portuguese in the Cosmos: LUNA

J. Cruz

® Presently: J. Cruz recovered the line of collaboration with LUNA for the

“N(p,V)"*0 reaction
N VA

NOVA SCHOOL OF
SCIENCE & TECHNOLOGY

— Production and characterization of N implanted targets for ““N(p,y)*O
measurement at LUNA
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Portuguese in the Cosmos: LUNA

“N implantations in Ta - E = 40 keV J- Gz

* RBS analysis @ 2.5 MV Van de Graaff accelerator (CTN-IST)
=P “He* beam and 3 energies: 691.0 keV, 990.5 keV and 1978.7 keV

_ o 100+
% "N implantation in Ta - E = 40 keV, D, = 12x10" cm®

RBS spectra - 6, = 165°

% E,..=6910keV 14N

RBS spectra fitted Ta

Depth profiles
_|1 obtained by RBS

simultaneously
with NDF.

Atomic %
|
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Portuguese in the Cosmos: Neutron Stars

. : C. Providenci
» Neutrons stars provide a laboratory for testing Providencia
> nuclear physics: high density, highly asymmetric matter

» QCD: deconfinement, quark matter, superconducting phases

» mass-radius — equation of state — composition?
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Portuguese in the Cosmos: Neutron Stars
NS properties: full posterior NL

C. Providéncia
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» Observations: GW170817, NICER J0740 and J0030, HESS

» RMF models: NL3wp,FSU2, FSU2R, IUFSU, BigApple, TM1-2(wp)

» Bayesian study Left: Set 1 (£ < 0.004), 2, 3 (¢ > 0.015)

» Bayesian study Right: Set 0 with and without hyperons 16



| Portuguese in the Cosmos: Neutron Stars

Neutron Star Physics and Machine Learning ’CFiSUC C. Providéncia

Fl"m‘gin & 81.1](!1'1'7131:,_] ululy 2'026 i = Gravitational-wave strain A
g U i) .
Astrophysics and
Cosmology
- I-:’
=, G )
l—'i’v-"—-i =
e
L]
L)
=
§ 10*
Lo a &
'|--z ' al
- % —~ 103
Ay s =
= Z £
- = % 102 E
2 5
—_— o 10'r
LR, Cutput Layar TOI‘] [ l |
E oo b Voo Lo '
22 ) 10 10%° 10 10* 10!
Z Hiddan Layers 3
¢ & 68.3%CLunlesse, A e [MeV/fm’]
” > Inference model
0 3 Nuclear matter EOS

NS mass [Mg ] 17



Portuguese in the Cosmos: Neutron Stars

Equilibrium constants: model versus experiment C. Providencia
System 136X g4124Gn (INDRA - GANIL), Bougault et al JPG 47 (2020) 025103
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Chemical equilibrium constants :

Kelil = pi/(pPp S

» chemical equilibrium constants for
homogeneous matter with five light
clusters
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» calculated at the average value of (T,
pexp: ypg,exp)

» cluster-meson scalar coupling constants
gs; = Xs,-A;'st with Xs; = 0.924+0.02

» global proton fraction: color code 102 |
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Portuguese in the Cosmos: Neutron Stars
Light hyperclusters: how abundant in warm low density matter?

100

10—1 L

= 1072}

1073

1074

» Mass fractions of the unbound protons and neutrons
A, X and =, light clusters and light hypernuclei

» Hypernuclei may be more abundant than a-particles or other heavier
clusters, for small Yq

C. Providéncia
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NUCLEAR PHYSICS
ASTROPHYSICS

LISBON - PORTUGAL .20 1.3
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D. Galaviz

19t - 24t May, 2013

Topics

* Big Bang Nucleosynthesis

i * Stellar Nucleosynthes and

Evolution

* The s- and r-process

* Explosive Nucleosynthesis (p, np,
Irp-process)

* Astrophysics of Compact Stars &
SN

* Nucl. Astroph. with RIBs
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| Portuguese in the Cosmos: Nuclear Reactions

@ m @ - D. Galaviz t
19t - 24* May, 2013

Ciéncias Experimental Nuclear AstroPhysics Group

ULiSbOU Topics

* Big Bang Nucleosynthesis

* Stellar Nucleosynthes and

| ; Evolution

Daniel Galaviz Angel I\;Iiel Pablo Cabanelas  Ana Henriques Pamel.a Teubig e The s- and r-process

Sincher Benitez  Explosive Nucleosynthesis (p, np,

rp-process)

* Astrophysics of Compact Stars &
SN

* Nucl. Astroph. with RIBs

Paulo Velho David Ferreira Sara Perestrelo Frederico Arez
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Portuguese in the Cosmos: Nuclear Reactions

Nuclear Reactions, Instrumentation and Astrophysics (NUC-RIA)
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Portuguese in the Cosmos: Nuclear Reactions M
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Nuclear Reactions, Instrumentation and Astrophysics (NUC-RIA)
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Nuclear Reactions, Instrumentation and Astrophysics (NUC-RIA)
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Nuclear Reactions, Instrumentation and Astrophysics (NUC-RIA)
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Portuguese in the Cosmos: Nuclear Reactions At

Nuclear Reactions, Instrumentation and Astrophysics (NUC-RIA)
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Portuguese in the Cosmos: Networks and
Collaborations

O COST Actions: Compstar, NewCompstar, PHAROS, ChETEC

O Collaborations: MUSES, SKA, CompOSE, R*B/FAIR, IANNA/IReNA

O Infra-structure Projects: EURONS, ENSAR, ENSAR2, EURO-LABS
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Facilities

In Portugal for Nuclear Astrophysics




Infrastructures

Lisbon (Portugal)
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Infrastructures

Ultra High-Vacuum Thermal Evaporator




Infrastructures

Lisbon (Portugal)
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Infrastructures
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Infrastructures

210 kV Ion Implanter

33



Infrastructures
210 kV Ion Implanter

| HV PROTECTION CAGE

|
|
p R TARGET CHAMBER
|
> © |
} N\ \ }
| ANALYZING | BEAM SCANNING
| MAGNET e f | MAGNETS
! ' R Tl \
I | T
i i
| Y Al oo
i I, TSSOl @
| :
| ,
: \QUADRUPOLE MAGNET
I CONTROL DESK
' = 0e
| Ll B
L 1oN \ W 0 m 2m
: SOURCE
L
| e T
| ~ =
|
[ R ;




Infrastructures
: 210 kV Ion Implanter

Already implanted ions

Beam current (pA)

[ <10 ORI

H | He
[ Li [Be | [REN[C /I[0 | F |[Ne]
[ Na_[INigh | | ENTEEEE
[ K | Ca [ sc |[ll[ v |IEM[ mn |[FeTl[ Co [TNi|[Cul[Zn] Ga --ﬁﬁm
Ro |[ sr |y |2 INBN[M8N( Tc [ Ru [ Rh [ Pd [[Ag i[cd [ In |[sn [Sb ][ Te [ I |
.E:M-Eﬂ------liﬂ T [ Po 8] Po [ At [ Rn ]
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Implanted targets on thick (Ta) and thin (C) substrates
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Infrastructures
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Infrastructures

2.5 MV Van de Graaf
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Infrastructures

2.5 MV Van de Graaf
Rutherford Back Scattering line
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Local characterisation of evaporated/implanted targets
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Infrastructures
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Infrastructures

General Ionex Cockroft-Walton 3 MV Tandetron

i =+ 1 HPGe detector

2 PIPS detectors
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Low-Energy
approaches

for Nuclear Astrophysics




| Activation studies with X-ray detection

M. Xarepe R. Pires

@ Phase 1: Sn-nat activation

w)
= — f—————
=3 HEeg = I Acumulated Spectrum
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1400 — j
— Geant 4 Simulated spectrum
1200 j llgsb
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800 —
600 —
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400 —
= : KB2
200—
SDD detectors - ] fﬁl& ™
g o | e bl e et ) e e L
N 25 26 27 28 29 3

0] 31
Energy [keV]
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| Activation studies with X-ray detection

@ Phase 1: Sn-nat activation

Activated target

SDD detectors

20000

Acumulated counts

5000

0
0

15000 +

10000 +

Experimental y Data —
N(119sb) fit _

N(117sb)+N(119sb) fit —

Experimental Ka Data —w— | |

6000 8000 10000 12000 14000
time [minutes]

2000 4000
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| Activation studies with X-ray detection

M. Xarepe R. Pires

@ Phase 1: Sn-nat activation
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M. Xarepe et al., PoOS(PANIC2021) 343 44



| Activation studies with X-ray detection

M. Xarepe R. Pires
. 116 : :
@® Phase 2: "%Sn activation
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HPGe + SDD detectors
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Alpha-scattering studies in ATOMKI

116Sn(ar,)6Sn and '*Sn(o,00)!Sn

-
| CHETEC
Faraday-cup port, exit Lower turntable, INFRA
point of the Det. D& and D7 \/

Cyclatron port,
entrance point

of the a-particle beam

Upper turntable}
Det., from D1 to DS

Three complete angular distributions for each element
(E, =19.5,17.5 and 16.0 MeV)
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Alpha-scattering studies in ATOMKI

116Sn(ar,)6Sn and '*Sn(o,00)!Sn

116Sn(o,00)!°Sn

E E. =19.5 MeV 116
T ow=21deg.
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Three complete angular distributions for each element

(E. =19.5,17.5 and 16.0 MeV)
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‘ Wrapping up...



Summary

O 0 O O

A bit of recent Nuclear (Astro) history in Portugal

Portuguese participants/activities in Nuclear &/or Astrophysics

Portuguese facilities for Nuclear &/or Astrophysics

Recent Low-Energy efforts for NA in Portugal.
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