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INVERSE-ALPHAR3B@FAIR PIGE

Summary

Commissioning 

Phase-0 

Exclusive 𝛄 tests

Halo Nuclei Hi-ISOLDE 118Sb(p, 𝛄)119Sn

𝛂-potential
35Cl(p,p’𝛄)35Cl 

VMC/GEANT4
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 - Unique facility

Production of 
relativistic 

exotic beams 
never studied 

before

SIS 100/300

PANDA

SuperFRS

NESR

CR

R3B
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R3B @ FAIR
Reactions with Relativistic Radioactive Beams

R3B Start Version 2018

R3B Start Version 2018
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First experiments in 2020

CAVE  is closed! Ready for first real EXPERIMENT!!!!

Towards Phase-0
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CALIFA Benchmark @ Lisbon

More Information under  
http://www.ctn.tecnico.ulisboa.pt
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Nuclear reaction line @ tandem  
accelerator LATR-CTN 27Al(p,γ)28Si
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CALIFA Benchmark @ Lisbon

128 CsI(Tl) crystals +  
Electronics / DAQBEAM
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CALIFA 
Petal-2 (64)

CALIFA 
Petal-1 (64)

HPGe

reaction chamber
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Calorimetric response
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 27Al(p,γ)28Si
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INVERSE-ALPHA
Sensitivity studies of p-process nucleosynthesis point 
out the strong dependence of the α-nuclear potential 

in the production of heavy p-nuclei

W. J. Rapp et al., Astrophys. J 653, 474 (2006) 

the reaction flux is dominated by (!,n) reactions, which drive the
initial seed abundance distribution toward the neutron-deficient
side of the line of stability. After the shock front passed, the pro-
duced radioactive isotopes decay back to the line of stability. Only
minor changes are anticipated for the overall abundance distribu-
tion in this mass range. Aside from the (!,n) reactions a few (!,")
reactions can be observed processing neutron-deficient isotopes in
the Hf to Pt range toward lower masses. At these temperatures the
production of 162Er and 184Os (Fig. 10) is limited to the (!,n) re-
actions along the Z ¼ 68 and 76 isotope chains, respectively. In
the case of 164Er, no feeding through 168Yb(!,")164Er seems to be
taking place. The p-contribution to 152Gd depends on the (!,n)
reactions along the Z ¼ 64 isotope chain but is further depleted

through 152Gd(!,")148Sm. The N ¼ 82 closed-shell isotope
144Sm is mainly fed by 148Gd(!,")144Sm reactions.

In this mass layer the time-integrated flux between theN ¼ 82
and Z ¼ 50 closed shells is again dominated by (!,n) reactions
subsequently balanced by inverse (n,!) neutron-capture reac-
tions as shown in Figure 9. Therefore, the abundance distribution
changes only along the isotopic chain. Both (!,p) and (!,")
reactions are negligible. The p-nuclei in this mass range are not
affected by the reaction fluxwith two exceptions, 138La and 138Ce.
This pattern continues also toward lower masses down to theN ¼
50 neutron closed shell. The (!,n) reactionflux associatedwith the
92,94Mo and 96,98Ru nuclei is negligible because of the high neu-
tron binding energies. These results suggest that the p-process

Fig. 5.—Integrated reaction flux during the first second of a Type II SN explosion in the Ne/O layer with a maximal temperature of T9 ¼ 2:96. The reaction flux
is indicated by the line thickness (thick solid line: >10"10; solid line: >10"11’ dashed line: >10"12).

SENSITIVITY OF NUCLEOSYNTHESIS TO REACTION RATES 479No. 1, 2006

N

Z
(ɣ,α) reactions involved 

in the path

<σ𝝼>(ɣ,α) depend on the 
α-nuclear potential
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INVERSE-ALPHA

Development of He solid targets for nuclear reaction experiments
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Adopted from F. J. Ferrer, Univ. Seville

Novel Helium Targets developed at Seville
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INVERSE-ALPHA

Experiment at the CT2000  
scattering chamber

58Ni
α

4 single channel Si-det
(rotating table)

1 single channel Si-det
(fixed at 60º)

1 DSSD at fixed position

Proposal lead by LIP, approved with highest priority! 

Scheduled to run March - 2020
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PIGE Studies: stable Cl isotopes
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EnsarRoot

Simulated data

Analyze exp. data
ROOT

FairSoft 
FairRoot

VMC

Geant4

https://www-nds.iaea.org/exfor/ibandl.htm

https://github.com/EnsarRootGroup/EnsarRoot

p

AZ

AZ*

A’Z’*

Inelastic  
Scattering 
(p,p’𝞬)

(p,𝞬) 
(p ,𝞪𝞬) 
Nuclear  
Reaction 

35Cl(p,p’𝞬1-0)35Cl

LIP Thin Film & Target 
Lab 
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Co
un

ts

Energy (keV)

PIGE Studies: 35Cl(p,p’𝞬1-0)35Cl 
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Cl excited state 35Gamma Yield of First 

PIGE Studies: Resonance Pix 
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Preliminary Results 



Pamela Teubig LERHI / NUC-RIA Activity Report

Activities
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Determination of 118Sn(p,“)119Sb
cross-section at astrophysical energies
from X-ray emission yields
Manuel Xarepe, Daniel Galaviz, Jorge Sampaio

Introduction
The stellar synthesis of elements heavier than Fe is explained by slow (s) and rapid (r) neutron

captures in explosive events (e.g. supernovae and kilonovae). About 35 proton-rich naturally

occurring isotopes between Se and Hg can not be produced via —≠
decay, which means they can

not be produced solely by neutron capture processes. The reaction network for the production of

p-nuclei combines (“, n) and (p, “) reactions on preexisting s- and r-process seed nuclei.

In view of the huge number of reactions involved, stellar networks will always have to rely on

cross-sections obtained with theoretical models. It is of utmost importance to validate these models

on a grid of experimental cross-sections spread over the entire reaction network. Such data are

crucial since the calculated cross-sections exhibit uncertainties of several hundred percent even for

stable isotopes.

In this work, the Activation Method is used to measure for the first time one cross-section in the

Sn p-process chain – the radiative proton capture reaction 118Sn(p,“)119Sb. The “-emission

associated to the electron capture to the excited state of
119

Sb will be used to validate the method.

Activation Method
The standard method used for cross-section

measurements is the Activation Method [1,

5, 4]. By irradiating the target, in most cases,

radioactive nuclei are created, and even though

they are trapped in the target, their decay radi-

ation has enough kinetic energy to escape. By

measuring these particles it is possible to calcu-

late the number of produced nuclei, ND, at the

end of the irradiation, see Eq. (1)

Ndecay = ND · e≠⁄tw · (1 ≠ e≠⁄tc), (1)

which combined with Eq. (2), can be used to

calculate the cross section.

ND = ‡ · NA · „b · 1 ≠ e≠⁄tirrad

⁄
, (2)

Image taken from [6]
• Both the irradiation and acquisition times de-

pend on how long is the half-life;
• It is impossible to use this method if the nu-

clei only decay by electron capture with no
“-emission associated;

It was proposed by G.G.Kiss and his team [5] to
measure the decay of the X-rays that are
emitted in cascade after the electron cap-
ture.

119Sb decay scheme
Electron capture and “-emission decay

K-line X-ray emissions

Experimental methodology
Target irradiation will be made at CTN/IST with a 3 MV Tandem Accelerator. The target will

be made by evaporating hyperpure metallic
118

Sn onto a thick aluminium foil. A key parameter

to determine the cross-section is the surface density of the target. This will be determined by

Rutherford backscattering technique.

The relevant energy range between 3 and 4 MeV will be measured corresponding to stellar tempera-

tures of 2.5 GK. Due to the long half-life of
119

Sb (t1/2 = 38.2 hours), the irradiation time will not

exceed two half-lifes. Special care will be taken to keep a well known constant flux, „b.

Scheme of the Tandem accelerator at CTN/IST

The X-ray emission spectra will be acquired using a the XR-100SDD (Silicon Drift Detector) from

Amptek, which has a 125 eV FWHM Resolution at 5.9 keV. The energy calibration and energy

dependence of the resolution in the region of interest will be determined using known X-ray emission

sources.

Simulations of the emission spectra
Monte Carlo simulations of the experimental setup will be done to determine contributions of the

setup geometry to the overall uncertainty and also to obtain the e�ciency of the detector. These

simulations will be done in Geant4, which is the state of the art for simulation of particle interaction

with matter.

Since the energy of the “ emission is very close to the K– emission of
119

Sb, we will carry out a

simulation of the measured X-ray spectrum in order to accurately deconvolute the two lines. The

simulation will use as an input the spectrum of X-ray emission lines calculated using the state-of-

the-art relativistic atomic structure code. For this all dipolar radiative transitions between one-hole

K-shell configurations and all final configurations is the relevant energy range (20–30 keV) will be

calculated with the MCDFGME code [2, 3].

Data analysis
A Root-based algorithm is being developed to fit the experimental spectra and determine the peak

areas. From the peak area A, the number of decays, Ndecay can be calculated using, Eq. 1

Ndecay =
A ≠ Abckgnd

÷ · ‘
, (3)

where ‘ is the detector e�ciency and ‘ the relative intensity of the decay. Fitting Eq. (1) to the

Ndecay values as a function time, we obtain the fit parameter ND. From this we get the cross-section,

‡, using Eq. (2).
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INVERSE-ALPHA: 
A new approach to measure the elastic scattering of α particles in
 inverse kinematics at energies around the Coulomb Barrier for
  the astrophysical p-process

α-nuclear potential 

and nuclear synthesis
The p-process is the one responsible for the synthesis of certain proton rich nuclei that are not  produced via the s-process nor via r-process.

One of the major uncertaintes associated with the synthesis of p-nuclei is the Alpha-Nuclear potental in unstable nuclei. The ones for which this potental is crucial can be seen in the oblique 

segments of black-line in the nuclear chart below. This potental is also relevant for the r-process under certain circumstances  

Motivation for the measurements

Right now there are some models for the α-nuclear potental that try to predict the elastc 

scatering cross secton of α partcles. Nevertheless, these models are not coherent with each 

other neither for p-nuclei nor for some reactons with energies close to the Coulomb Barrier. 

Two of these reactons are the dispersion of 4He(58Ni,α)58Ni and 4He(64Ni,α)64Ni. 

The frst Figure on the right show the cross secton of 4He(58Ni,α)58Ni showing a 

discrepancy for the diferent α nuclear potentals. High lightening This supports the 

study of this reacton for diferent energies. The second shows the rato between the 

rato between 4He(64Ni,α)64Ni cross secton by 4He(58Ni,α)58Ni cross secton that 

motvate measurements for diferent isotopes.

Z

N

Novel He rich solid targets
The low abundance of stable p-nuclei in the region where the alpha-nuclear potental provides the biggest uncertaintes, the producton of stable targets to perform measurements in direct 

kinematcs is really challenging.

 

Nuclei chart 

Experimental Approach

*fgbarba@lip.pt

F.G.Barba*1,  D.Galaviz1.  Should probably put all names of people participatingin the experiment,  
1Dpto. Física Nuclear, Faculdade de Ciências da Universidade de Lisboa, LIP(Portugal).

One of the keystones for this experiment is the new He targets 
developed in Seville that have been characterized as a solid matrix of 
Si with an He relatve abundance of barely half compared to Si and 
some contaminants. The He was found to be trapped in bubble like 
structures

The experiment is scheduled for March 2020 in Laboratorio Nazionale del Sud, in Catania. We were given 3 shifs where 
we intend to perform measurements of the elastc cross sectons for energies close to the Coulomb Barrier with 58Ni and 
64Ni. These will allow us to get more data on the beahaviour of the α-nuclear potental and beter determine which model 
should we use while approaching higher Z nuclei.

For this we will use 5 Single Channel Si detectors and a DSSD. Four of the fve Si detectors will be angularly spaced by ten 
degrees covering from 80 to 40 degrees and the Si will be measuring the scatered partcles for lower angles. 

These will be partcularly relevant to study the  α-nuclear 
potental in RIB's facilites in order to reach the 
astronomical relevant region on the nuclei chart and in 
energy.

Element Silicon Helium Oxygen Carbon Nitrogen Hydrogen

No. atoms /cm2 

(x105)
2820 1280 380 100 390 475

References: [1]Roland Schierholz et al 2015 Nanotechnology 26 075703

    [2] V. Godinho V. Godinho, F. J. Ferrer, B. Fernandez, J. Caballero-Hern andez, J. Gomez-Camacho, and A. Fernandez. ACS Omega 2016, 1 (6), 1229 (2016). 

    [3] E. A. George et al PHYSICAL REVIEW C VOLUME 56, NUMBER 1

    [4] Talys Manual

R3B Fibers 118Sn(p,g)119SbINVERSE-ALPHA
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Summary

Past joint efforts and future perspectives  
(Phase-0 @ FAIR) 

Importance of Alpha potentials  
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Applications of PIGE 
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NUC-RIA @ LERHI
Low Energy Reactions with Hadrons and Ions

Daniel Galaviz Luís Peralta

Pamela Teubig

Ana Henriques Paulo Velho

Elisabet Galiana

@ FRIB (M
SU)

Francisco Barba Beatriz Pereira Manuel Xarepe

Luísa Baptista

PhD Finish
ed!

Ricardo Pires José Nunes
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