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NUCLEAR ASTROPHYSICS
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NUCLEAR ASTROPHYSICS

THEORETICAL ASPECTS
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THE REACTION

“Ne + a =*°Mg +n

. A series of a-capture produce *°Ne
from “Na

- Main neutron source for s-process
In AGB stars

- Main neutron source for weak s-
process in He-burning core of RG
stars
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BACKGROUND AND LNGS

« Reaction with Q > 0
« Radioactive elements

from the decay chain of « Discrimination with
Pb, U, Th neutron energy

En — Ebeam + Q

« Neutron flux 3 orders of
magnitude less

o IOB(a,n)HN
- “B(a,n)MN !
- '3C(a,n)160

« Cosmic flux 6 orders of - — Netan Mg
mdgnitUde less 00 02 04 06 08 10 12 14
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EXPERIMENTAL SETUP

22Ne(a, n)*Mg

DETECTOR
neutrons counter

—_— BEAM LINE S

o particles o particles

DETECTOR
neutrons counter




EXPERIMENTAL SET UP

GAS TARGET & PUMPING SYSTEM
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EXPERIMENTAL SETUP

CROSS SECTION MEASUREMENT

Number of Number of target
events: nuclei N

Measured by the Gas target
SHADES detector  characterisation

LIQUID
SCINTILLATOR
EJ309

VACUUM HOLE

SHe COUNTER:



EXPERIMENTAL SETUP

“'Ne(p, 7)*'Na

protons protons
— BEAM LINE —

DETECTOR
LL.aBr scintillator




ANALYSIS FOR DENSITY PROFILE , 4 ¢

THE RESONANCE
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S FOR DENSITY PROFILE

SETUP AND MEASUREMENTS
SETUP:

. Gas target chamber filled with ?’Ne

- Movable table with 14 steps

=1 . LaBr scintillator collimated with Pb

e 5B R ed MEASUREMENTS:
« FixE,..,and I ..

« Move the table at step 1 and start a run

« Start a new run for each step until step
14



ANALYSIS FOR DENSITY PROFILE

DATA AT FIXED ENERGY AND CURRENT

X

run_name E beam [keV] E CM [keV] real_time [s] | beam [uA] p _target [mbar] steps [mm] steps error [mm]
run_366 1173 1117 373.0 42 4.0 32.5 0.5
run_367 1173 1117 327.0 42 4.0 52.1 0.5
run_368 1173 1117 375.0 42 4.0 712.6 0.5
run_369 1173 1117 80.0 42 4.0 92.0 0.5
run_370 1173 1117 385.0 42 4.0 112.0 0.5
run 371 1173 1117 2060.0 42 4.2 131.5 0.5
run_372 1173 1117 183.0 42 4.2 171.4 0.5
run_373 1173 1117 163.0 42 4.2 191.4 0.5
run_374 1173 1117 129.0 42 4.2 211.6 0.5
run_375 1173 1117 196.0 42 4.2 231.5 0.5
run_376 1173 1117 146.0 42 4.2 252.0 0.5
run_377 1173 1117 125.0 42 4.2 271.2 0.5
run_378 1173 1117 102.0 42 4.2 291.3 0.5
run_379 1173 1117 112.0 42 4.2 319.3 0.5




¢ ¢ » ANALYSIS FOR DENSITY PROFILE

ENERGY CALIBRATION

Spectrum for calibration
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ANALYSIS FOR DENSITY PROFILE

ROI AND SIGNAL EXTRACTION

Signal and background
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¢ ¢ + ANALYSIS FOR DENSITY PROFILE

ONLINE YIELD PROFILE
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¢ ¢ + NEXTSTEPS ANALYSIS

DENSITY PROFILE

 Definition of the yield with fixed beam energy

1 Zax 0

Y(Ey) = 6—[ dZJ J(E, E(2)) ogy 1(2) p(2) dE
rJ0 E,

(E — E(2))*

E. E — S —
f( ’ (Z)) CXP [2[(Tgeam+ Gsztmggle(E(Z))]

. Extraction of the density p(z) for different
beam energy

» Construction of the density profile
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NUCLEAR ASTROPHYSICS

« Measurement of the cross section from the reaction rate

r=Ny Ny <o(v) v> (14 0dyy)

» Non relativistic nuclei composed the stellar gas, so velocities follow
the Maxwell-Boltzmann distribution
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EXPERIMENTAL SETUP

BELLOTTIION BEAM FACILITY
Electrostatic accelerator

@

TANKIN:

« Source with different gas to generate

n-beam, a-beam and *C-beam

« Extraction tools

« Focusing lens

TANK OUT:

 Focusing lens

» Central magnet that creates 2 beam
lines




ANALYSIS FOR DENSITY PROFILE

— at 1468 keV

LaBr, intrinsic + natural background
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