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Astrofisica nucleare
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Cristian Massimi, SP n_TOF collaboration

Commissioning target di spallazione Sezioni coinvolte: 
Roma 1 + ENEA



Processo s: 
154Gd s-only

Il 154Gd può essere formato solo 
dal processo s. I modelli
astrofisici suggerivano una
sovrastima della sezione d’urto
154Gd(n,g). La nostra misura ha 
confermato questa ipotesi, 
mostrando l’efficacia predittiva
e la robustezza dei modelli
astrofisici.

I modelli si basavano 
sui dati di Wisshak

La sezione d’urto del  154Gd è
stata misurata da 1eV a 300keV 
a EAR1:
bersaglio auto supportante di 
gadolinio metallico arricchito al 
66.78% in 154Gd 
Rivelatore C6D6
Caratterizzazione del bersaglio
a GELINA

Cristian Massimi, SP n_TOF collaboration

Mazzone et al.



208Pb Radius Experiment PREX performed at JLAB

The Lead Radius Experiment ("PREX"), experiment number E12-11-101, 
uses the parity violating weak neutral interaction to probe the neutron distribution 

in a heavy nucleus, namely 208Pb, thus measuring the RMS neutron radius to 1% accuracy, 
which has an important impact on nuclear theory and especially in the determination of neutron star features.



• Through elastic electron scattering off a nucleus it is possible to determine 
the neutron form factor and hence the radius of the neutron distribution 
inside the nucleus. This is performed measuring the Parity Violating 
Asymmetry (APV), i. e. the fractional difference between the cross sections 
of right- and left-handed electron elastically scattered off the nucleus. 
Measuring APV one emphasize the contribution of the Axial part of the 
electron – nucleus potential, the axial part of the electroweak potential is 
mostly sensitive to the neutron distribution

• Measuring APV, to determine the nucleus neutron skin 
Δrnp, , that is the difference between the radius of the 
neutron distribution and the radius of the proton 
distribution inside the nucleus . 
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Recent past: experiments PREX and PREX-II at JLab

G.M.Urciuoli SP  E12- 15-008
E12-20-013



Future



G.M.Urciuoli SP  E12- 15-008
E12-20-013



LUNA  400kV accelerator

• Uterminal = 50 – 400kV
• Imax = 500µA (on 
target)
• Allowed beams: H+, 
4He, (3He)
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LUNA  MV accelerator



poor signal-to-noise ratio Þ long measurements
Þ ultra pure targets
Þ high beam intensities
Þ high detection efficiency



Caretterizzazione di 
bersagli solidi e gassosi : 
N,O, Mg, Al, D (1018 atom/cm2) 
mediante reazioni nucleari
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differenziale senza l’utilizzo di finestre

Attività del gruppo



Attività del gruppo

Misure di spettroscopia g e 
rivelazione di neutroni in 
condizioni di ultra low background

Problemi aperti:

curve di efficienze assolute al di 
sopra dei 3MeV per gli spettri-g

contaminazioni dei supporti di Ta.



14N(p,g)15O  Bottleneck reaction in CNO cycle
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Misura di sezione d’urto differenziale
in un ampio intervallo di  energie 300keV-1.6MeV

Beam direction135° GeBO

45° GeBO

90° GePD (Below)

(A.Compagnucci-PhD@GSSI)

Prossima campagna di misure
2023 @LUNA MV

Borexino collaboration arXiv:2205.15975v1 [hep-ex] 31 May 2022





g-ray 
detector

Nrecoils = Nprojectiles x ntarget x s x TERNA x Fq x epart
Ngamma = Nrecoils x eg

recoils + 
“leaky”  

beam ions

gas 
target

g

beam ions
+recoils (10-12-18) Recoil

Mass 
Separator

Particle
detector

Recoil Mass Separator 
reaction yield by means of the direct detection of the recoil   ions

gate
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Main Uncertainties in the Presupernova
Massive Star Models

T ⇠ 1.5� 3.5 · 108 K ⇢ ⇠ 0.2� 4 · 103 gcm�3

ashes:
12C(a,g)16O is crucial since it determines the 12C/16O ratio 

at core He depletion that in turn  drives all the 
subsequent nuclear burning stages

Central Abundances

Courtsey of Marco Limongi  e Oscar Straniero 

12C(a,g)16O – The Holy Grail of NuclearAstrophysics

Implications on the Initial Mass-Remnant Mass relation à BH/NS forming 
CCSNe à GW Progenitors

Prossima campagna di misura prevista in luglio 2022 @ERNA



Criticità del Gruppo 

Assenza di laureandi
Assenza di Dottorandi
Difficoltà nel reclutamento di Post-PhD posizioni disponbili (standard e senior)
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