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How to study stars underground
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Big Bang
Nucleosythesis
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The water we drink is H,O .... 14, 5Li 4 p —a-He +'He
The smart phone we use is Si, Ti, Ta, Ag, etc
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thermonuclear burning processes in the cosmos
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Nuclear Fusion Reactions

Coulomb Barrier

~ Coulomb Force

Repulsion

T
L

Distance Between Positive Charges

Strong Nuclear Force

Attraction

http://www.mpoweruk.com/nuclear_theory.htm

Energy of maximum of distrib.

T/GK E/MeV
Sun 0,016 0,0014
AGB 0,300 0,026

Mumber of Particles

Coulomb Barrier values:

0,5 MeV
1,7 MeV
2,5 MeV
3,4 MeV
4,6 MeV
9,4 MeV

P+ P
3He + 3He
14N + p
SNa+ p
4He + 12C
12C + 12C

il 1l il

Maxwell-Boltzmann Distribution

Paricles with insufficient

/energ'_-' for fusion
] High energy particles with

enough energy to permit fusion

Supernova 5 0,430

gy or Temperature
ttp://www.mpoweruk.com/nuclear theory.htm
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Stellar Fusion Reactions

Gamow Energy Astrophys Cross section Lowest measured
[keV] Environment [barn] Energy

3He(3He,2p) “He 21 Sun
3He(a,g)"Be 22 Sun

“N(p,g)""O 26 Sun

TUNNE LING
MAXWELL - BOLTZMANN THROUGH
DISTRIBUTION COULOMB BARRIER
o exp |-E/kT) cexp (VE/E)
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Underground Nuclear Astrophysics at LNGS

A story 28 ye IS lasting story of success H

3.5 MV accelerator Facility
Machine Fully tested at producer’s site
Technical infrastructure under construction
Authorizations asked

LUNA 400
(2000 -...)
u = 50 — 400kV

terminal —

= SOOMA (on targe

max



The upcoming LNGS 3.5 MV Accelerator Facility

inline Cockcroft Walton accelerator

TERMINAL VOLTAGE: 0.2 -3.5 MV
Precision of terminal voltage reading: 350V
Beam energy reproducibility: 0.01% TV
Beam energy stability: 0.001% TV / hrs
Beam current stability: < 5% / hrs

3
3
3

1H* (TV: 0.3 — 0.5 MV): 500 pA
IH* (TV: 0.5 — 3.5 MV): 1000 pA
“He* (TV: 0.3 — 0.5 MV): 300 pA
“He* (TV: 0.5 — 3.5 MV): 500 pA
12C+ (TV: 0.3 — 0.5 MV): 100 pA
12+ (TV: 0.5 — 3.5 MV): 150

2CH(TV: 0.5 - 3.5 MV): 100 pA
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Direct Measurements of the Cross section of the
ZNa(p,y)**Mg Cross Section 3C(ct,n)'®0 reaction
at Stellar Energies at low energies
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Aot G Sin Cross section of the
p-process _s-process 13C(ce,n)"°0 reaction
at low energies
rp- -
X-ray process 90
Bursts e e P
(p- Glovanni Francesco Ciani
Process g
L]
Novae i
Ul
Jm‘ﬂqj; PhD Thesis Submitted
Hot CNO ¢ ! ® stable nuclide October 31, 2018
Cycle |'IJ drip line
T II for OMVECTIVE | 13 1803
Y10 Inhomogeneous S TR E{E’E;ﬂ}_ Q
7 : 2 ENVELOPE A
N—> Big Bang - ™ % low T and/or slow rate
BC(a,n) is the dominant neutron source for the synthesis of g | high T and/or fa&; EEe § ?‘E‘. UEJ
the main s-process component of heavy elements in Lll;:11l:-':.‘|’f‘lIl‘..¢, = 5 Z o = .
thermally pulsing, low-mass asymptotic giant branch stars. envelope d = = : {I H-burning
= shell

LNGS Underground Laboratory provides an ideal
environment to detect rare events from astrophysical

reactions thanks to the strong reduction in cosmic-ray {I : ’J,
induced background. He convective b

intershell d - pulse
The poster gives an overview of the main parts of project k
starting from the designing of the experimental setup, ’J -0 CORE
through the development of Data Acquisition system, until He-burning shell
the data taking in Deep Underground facility of LNGS. e
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Design of experimental setup A

at low energies

StUdy on the SetUp eFFiCiency Linear f"l.'n.'!-ﬂ[tll‘i.lilﬂl:’ ‘He counters
using Geant4 simulations and
measurements PE moderator J PHD CANDIDATE

Giovanni Francesco Clani

Detector characterizationin a
low background environment

PhD Thesis Submitted
Ociober 31, 2018
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LabView Software

Development for Data
Acquisition and off line Pulse
Shape Discrimination

Material science for target 7
preparation and
characterization
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- : Cross section of the
Design of experimentalsetup 15C(a.n)'°0 reaction

at low energies

‘He counters

StU dy on the setup Linear Feedthrough
using Geant4 sim : A
measurement . PHD CANDIDATE

Giovanni Francesco Clani

Detector characteri
low background enviro

PhD Thesis Submitted
Ociober 31, 2018

LabView Software @
Development for Data y
Acquisition and off line Pulse )
Shape Discrimination
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Matthias Junker, Alba Formicola, Axel Boeltzig,
Giovanni Ciani, Oscar Straniero, Lucio Di Paolo



(7 LUNA

Q. Laboratory for Underground Nuclear Astro - sics

Partecipating Institutions:

Laboratori Nazionali del Gran Sasso, INFN, Assergi, Italy

Gran Sasso Science Institute, L'Aquila, Italy
INFN, Padova, Italy
INFN, Roma La Sapienza, Italy
Universita di Genova and INFN, Genova, Italy
Universita di Milano and INFN, Milano, Italy

Universita di Napoli "Federico 11", and INFN, Napoli, Italy
Universita di Torino and INFN, Torino, Italy
Universita di Bari and INFN, Bari, Italy
Osservatorio Astronomico di Collurania, Teramo, and LNGS, Italy
The University of Edinburgh, UK
Institute of Nuclear Research (ATOMKI), Debrecen, Hungary

Forschungszentrum Dresden-Rossendorf, Germany



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15

