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AsFiN

Applicazione di metodi 
indiretti (THM & ANC) 
per la misura di sezioni 

d’urto reazioni di 
interesse per 

l’Astrofisica ad energie 
prossime (o minori) al 

picco di Gamov

LNSSTREAM2 
Nuclear structure

EXOTIC 
Sviluppo di RIBS

Misura di sezioni 
d’urto di fusione  

in laser driven
plasma

Reazioni tra 
particelle cariche 

(nuclei stabili)
THM come 
sorgente di 

neutroni
RIBs

Analisi delle 
conseguenze nella 

nucleosintesi
stellare delle 
sezioni d’urto 

misurate

Many astrophysical contexts
were then explored:
• Primordial nucleosynthesis
• Light elements depletion
• Stellar nucleosynthesisGoal: 

Measurement at Gamow energy 
and better separation of sub-threshold levels.

FTE 2022:
-LNS 18.0 FTE 28 ricercatori
-NA 2.7 FTE (tbc) 4 ricercatori 
-PG 4.0 FTE 5 ricercatori
-PD 1.1 FTE 2 ricercatori

TOT 25.7 39 ricercatori INFN (60 coll.)



Collaborators: NDU, FSU, MSU, TAMU, UT (USA) - TRIUMF(Canada), S.Paolo Univ. (Brazil), UNAM (Mexico), iTemba (S. 
Africa) – Riken (Japan), Mombay Physics Inst (India)- .... – RBI Zagreb….
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Sfrutta il cambiamento di sistema di riferimento dal laboratorio al centro di massa
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La sezione d’urto della reazione a due corpi a + b -> c + d può essere determinata misurando
un'appropriata reazione a tre corpi a + x -> c + d + s, dove x = b ⊕ s
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x = b ⊕ s

ü Poiché ECM(a,b)= Ec,d – Qa+b->c+d le energie ‘‘astrofisiche’’ possono essere raggiunte con fasci 
di energia più alta (1-10 AMeV)

ü Le misure a energie al disotto della barriera coulombiana sono sono possibili in quanto 
nella processo del cavallo di Troia la particella «b» trasferita è virtuale e quindi non 
risente della repulsione coulombiana

AsFiN e metodo del cavallo di Troia   



Experiment @HIGS 
photodissociation: 
beam scheduled
and moved from 

2022.

23Na(p,𝛾) 
Experiment (III run): 

waiting for the 
beam schedule;

26Al+n Experiment 
@TRIUMF: new run

May 2023

Test 
beams@iThemba

for experiments on 
Nova-

nucleosynthesis

14N(a,p)17O THM 
experiment
@Astana

19F+p Experiment 
@TRIUMF: beam
scheduled late 
spring 2023;

7Li electron 
screening 

Experiment (II run) 
@Lubiana: if not

scheduled in 2022;

Programma sperimentale 2023

Experiment @HIGS 
photodissociation: 

beam scheduled and 
moved to 03/2023.

OEDO 56Ni experiment
at Riken: performed in 

May 2022;

19F+p Experiment 
@IFIN with Elissa: 
beam scheduled 5-

17/09/22;

Delayed to Summer 2024 
because of machine 
issues/failure @ TRIUMF



26Al+n Experiment 
@TRIUMF

23Na(p,a) THM 
Experiment @LNS
(Covid + upgrade 

backlog)

12C+16O THM 
experiment @ 

University of Koln

6He+p and 6He+d 
experiment 

@Riken

Beam tests @LNL 
to forsen THM 

experiments witth
RIBs from SPES

Runs @LNL in 
collaboration with 
GAMMA for (n,g) 

reactions

6Li electron 
screening 

Experiment 
@Lubiana

Programma sperimentale 2024

D+d fusion LASER 
Experiment @ GIST 

(South Corea)

16C investigation
@TRIUMF

11B+p Experiment 
@IFIN with ELISSA

Spokesperson
from  PG

https://www.wordreference.com/enit/spokesperson
https://www.wordreference.com/enit/spokesperson


PRINCIPALI RISULTATI 2022-2023

Analisi dell’impatto della 

nucleosintesi di Mg e Al in 

stelle di massa piccola e 

intermedia by PG



PRINCIPALI RISULTATI 2022-2023

Study of the 19F(p,α0)16O at LNS  (published on EPJA)

New analysis of the 19F(p,απ)16O channel reaction ONGOING
This reaction is addressed by THM, directly and in metal lattice for retrieving

information on screening



PRINCIPALI RISULTATI 2022-2023



ALFA: on the way to 26Al*@SPES 
passing through 27Al @ LNS and 26Al@TRIUMF

27Al(p,α)24Mg

27Al(n,α)24Na
27Al(n,p)27Mg

26Al(p,α)23Mg

26Al(n,α)23Na
26Al(n,p)26Mg

26Al*(n,α)23Na
26Al*(n,p)26Mg
26Al*(p,α)23Mg

	The	Astrophysical	Case:26Al	

Observa?on	of	1808.65	keV	γ-rays	from	the	decay	of	26Al	to	26Mg		
in	the	interstellar	medium	demonstrated	that	26Al	
nucleosynthesis	does	occur	in	the	present	Galaxy.	The	present-
day	equilibrium	mass	of	26Al	was	found	to	be	2.8±0.8	M8.		
	
The	irregular	distribu?on	of	26Al	emission	seen	along	the	plane	of	
the	Galaxy	provided	the	main	argument	for	the	idea	that	massive	
stars	dominate	the	produc?on	of	26Al.	(Diehl	et	al	2006)	

In	CAIs	(the	oldest	solid	of	the	Solar	System):	
the	inferred	6.5	x	10-5	<	(26Al/27Al)0	<2	x	10-6.	
There	is	no	correla?on	between	O-	and	Mg-isotope	composi?ons.		
à26Al	was	injected	into	the	26Al-poor	protosolar	nebula,	possibly	by	a	wind	
from	a	neighboring		massive	star.		
	
Presolar	grains		
Corundum,	hibonite	and	carbonaceous	chondrites	formed	before	the	birth	of	
the	solar	system	show	excesses	in	26Mg.	The	highest	ra?os	are	found	in	grains	
originated	in	supernova	ejecta,	but	the	largest	number	of	grains	with	26Al/27Al	
>3	x	10-3	(at	least	100	?mes	larger	than	the	solar	value)	are	of	the	type	that	
come	from	low	mass	stars.		

!
!

The radioisotope
 26Al 

(T1/2 = 7.17 × 105 yr) is 

of outstanding 
importance in 
astrophysics !

	



NEFASTA detector array 
(NEar FAr Silicon Telescope Array), 
made up of 8 telescopesarranged
into two groups 26Algs(n,p)26Mg  

26Algs(n,a)23Na. 
angular end energy ranges we will cover, assuming quasi-free kinematics. 

2H(26Algs,p 26Mg)p
2H(26Algs,a 23Na)p

2H

26Algs

n p

23Na, 26Mg

a,p
26Al beam @ 76 MeV, 0.25 pnA
CD2 target  ~100 μg/cm2

26Algs @ LNS
26Alm @ LNL -> TRIUMF/SPES

Study of the 26Al (p,γ)27Si reaction using the ANC indirect method

ALFA: on the way to 26Al*@SPES 
passing through 27Al @ LNS and 26Al@TRIUMF



14N

16O

12C
d

24Mg, 27Al

a,p

Study of the 12C+16O Fusion via the Trojan Horse Method

2019 run @ LNS => THM works 
but we need more statistics

• Stellar nucleosynthesis
• Cluster physics
• Massive TH nucleus



Nucleosintesi da 
cattura neutronica:
• r-process
• s-process
• SNII & AGB

17O(a,n)20Ne
22Ne(a,n)25Mg

12C+12C
16O+16O
12C + 16O

(22)Ne (26)-27Al

(18-19)F

Attività di ricerca «teorica»  @ PG

(23)Na



PRINCIPALI RISULTATI 2021-2022

✮Analisi degli effetti sulla nucleositesi stellare delle sezioni d’urto 12C+ 12C,  12C+16O e 16O+16O;



Preventivi 2023


