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NUCLEAR ASTROPHYSICS
GENERAL ASPECTS



NUCLEAR ASTROPHYSICS
THEORETICAL ASPECTS
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THE REACTION

• A series of -capture produce  
from  

• Main neutron source for s-process 
in AGB stars 

• Main neutron source for weak s-
process in He-burning core of RG 
stars

α 22Ne
14Na

22Ne + α →25Mg + n
Q ∼ − 478 keV



STATE OF THE ART

T = 250 MK

T = 350 MK



BACKGROUND AND LNGS

ENVIRONMENTAL 
BACKGROUND: 

•  Radioactive elements 
from the decay chain of 
Pb, U, Th

UNDERGROUND: 

•  Neutron flux 3 orders of 
magnitude less 

•  Cosmic flux 6 orders of 
magnitude less

BEAM INDUCED 
BACKGROUND: 

•  Reaction with  

•  Discrimination with 
neutron energy 

Q > 0

En = Ebeam + Q



EXPERIMENTAL SETUP
22Ne(α, n)25Mg
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EXPERIMENTAL SET UP
GAS TARGET & PUMPING SYSTEM

beam stopOutIn

Windowless gas target



EXPERIMENTAL SETUP
CROSS SECTION MEASUREMENT

LIQUID 
SCINTILLATOR 

EJ309

VACUUM HOLE

 COUNTER: 3He
3He(n, p)3H

σ ∝ Φp N NT η ω(Ω)
Number of 
events: 

Measured by the 
SHADES detector

Number of target 
nuclei : 

Gas target 
characterisation

NT



BEAM LINE
TARGET CHAMBER 

 gas20Ne

DETECTOR 
 scintillatorLaBr

protons protons 

EXPERIMENTAL SETUP
20Ne(p, γ)21Na



20Ne + p →21Na + γ
Q ∼ 2432 keV

• Effect of the intense ion beam into the gas  

• Narrow resonance: 

 

• The position into the chamber changes as 
the  is varied

ER = 1113 keV Γ = 0.94 ± 0.04 eV

Ebeam

ANALYSIS FOR DENSITY PROFILE
THE RESONANCE



SETUP: 

• Gas target chamber filled with   

• Movable table with 14 steps 

•  scintillator collimated with  

MEASUREMENTS: 

• Fix  and  

• Move the table at step 1 and start a run 

• Start a new run for each step until step 
14

20Ne

LaBr Pb

Ebeam Ibeam

ANALYSIS FOR DENSITY PROFILE
SETUP AND MEASUREMENTS



ANALYSIS FOR DENSITY PROFILE
DATA AT FIXED ENERGY AND CURRENT



ANALYSIS FOR DENSITY PROFILE
ENERGY CALIBRATION



ANALYSIS FOR DENSITY PROFILE
ROI AND SIGNAL EXTRACTION



ANALYSIS FOR DENSITY PROFILE
ONLINE YIELD PROFILE

Y =
N
Q

• Profile of the experimental 
yield versus the position into 
the gas target chamber

Position



NEXT STEPS ANALYSIS
DENSITY PROFILE

Y(E0) =
1
ϵr ∫

zmax

0
dz∫

0

E0

f(E, E(z)) σBW η(z) ρ(z) dE

f(E, E(z)) = exp [ (E − E(z))2

2[σ2
beam + σ2

straggle(E(z))] ]

• Definition of the yield with fixed beam energy

• Extraction of the density  for different 
beam energy 

• Construction of the density profile

ρ(z)



THANK YOU 
FOR YOUR 
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BACKUP
To satisfy your curiosity 



•  Measurement of the cross section from the reaction rate 

 

• Non relativistic nuclei composed the stellar gas, so velocities follow 
the Maxwell-Boltzmann distribution  

 

r = NX NY < σ(v) v > (1 + δXY)

< σ(v) v > = ( 8
πμ )

1/2 1
(kT)3/2 ∫

∞

0
σ(E) E exp (−

E
kT )dE

NUCLEAR ASTROPHYSICS



EXPERIMENTAL SETUP
BELLOTTI ION BEAM FACILITY

Electrostatic accelerator 

TANK IN:  

• Source with different gas to generate 
p-beam, -beam and -beam 

• Extraction tools  

• Focusing lens  

TANK OUT: 

• Focusing lens 

• Central magnet that creates 2 beam 
lines

α 12C



ANALYSIS FOR DENSITY PROFILE
BACKGROUND SPECTRUM
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