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* Soppressione dei muoni: 106

LABORATORI NAZIC "' 1 DEL GRAN SASSO

* Soppressione dei neutroni: 103
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- Energia di fascio: 50-400 keV
B Corrente di fascio: 10-500 LA

== Incertezza sull’energia: 100 eV

Stabilita dell’energia di fascio: 5 eV/h
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La reazione “°Ne(p,y)*>Na

* osservate direttamente per la prima volta 3 risonanze
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Diverse valutazioni del
tasso di reazione!
Cruciali le risonanze a

bassa energia!
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La reazione “°Ne(p,y)*>Na
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Risonanza a 156.2 keV

Wy e v =(1.48 £0.10) x 1077 eV

Il risultato preliminare
ottenuto col rivelatore
BGO e compatibile col
risultato precedente
(rivelatori HPGe)
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Decadimento dallo stato
eccitato a 8943.5 keV del 23Na
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E p - 7 1 ke V (energia in prossimita del centro della camera)

Spettro somma
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Risonanze a bassa energia
risultati preliminari
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Cattura diretta
risultati preliminari

2.000 mbar 22Ne, Ep=205 keV

2.000 mbar 22Ne, Ep=205 keV
1.156 mbar Ar, Ep=205 keV, scaled for 22Ne run
ROI(8.5-9.5 MeV): 34271 Background: 27832

ROI(8.5-9.5 MeV): 226.95 counts/C

10°

10°

] Iﬁlml P

10*

10°

107

10 S (E.,=196keV) = 80 keV b o (E,,=196keV) = 80 pb
S (E.,=296keV) = 40 keV b b o (E.,=296keV) = 1.7 nb

1

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
E, [keV]

IFAE 2016

—ﬂf. - Federico Ferraro



Conclusioni

COSA ABBIAMO FATTO NEGLI COSA ABBIAMO IN MENTE PER IL
ULTIMI TEMPI... FUTURO?

*Abbiamo osservato direttamente  <Dobbiamo misurare il contributo
per la prima volta 3 risonanze (fase o, risonante alla sezione d’urto

HPGe della misura) in altri due punti, cosi da poter

*Sono stati posti limiti superiori compiere un’estrapolazione a
molto piu stringenti di quelli bassa energia
presenti in letteratura, risolvendo un
problema nella determinazione del  *Misureremo entro fine anno la

tasso di reazione stellare sezione d’urto della reazione

. 22 26 1T
*E stato misurato il contributo non Ne(a, y)*°Mg utilizzando lo

risonante alla sezione d’urto a 205 stesso setup

keV e 310 keV

*Molte altre reazioni da studiare

*LUNA-MV...

_ﬁT - Federico Ferraro
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Sezione d’urto
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Fig. 3.10 (a) Experimental cross section and (b) astrophysical 5-factor
of the **O(p,)""F reaction. Note the strongly varying cross section on
a logarithmic scale in part (a) and the smooth behavior of the S-factor
on a linear scale in part (b). Data from Angulo et al. (1999).
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Tasso di reazione risonante
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Il ciclo NeNa

* Ciclo di combustione dell’idrogeno

257 28\ ZTAl * Influenza la nucleosintesi degli elementi

tra 2°Ne e 2°Al (collegamento al ciclo
MgAl)

ZBMg

 Attivo nelle stelle RGB, AGB (HBB) e
nelle esplosioni di CN e SN Ia

: 5 J. Marion and W. Fowler, ApJ 125 221-32 (1957)
| C. lliadis et al., ApJSS 142, 105-137 (2002)
: Ne-Na cycle N. Prantzos et al., A&A 470, 179190 (2007)

R. G. Izzard et al., A&A 466, 641 (2007)

E. Carretta et al., A&A 505, 117 (2009)

A. Parikh et al., A&A 557, A3 (2013)
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La reazione %’Ne(p,y)*>Na
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* Molti stati eccitati

* Alcuni di essi non sono mai stati osservati
direttamente

. C. lliadis et al., ApJSS 134, 151-171 (2001)
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Fase HPGe

*HPGe @ 90° (90% rel. eff.)

20 cm

7 ] o “HPGe @ 55° (137% rel. eff.)
o l «22-25cmPb
R R |25cm «.. *Contenitore anti-radon

*sostegno da 4 cm di Cu per HPGe
@ 55°

30 cm

20 cm

Schermatura di Pb dentro alla
camera

*Schermatura di W in prossimita
del calorimetro

-

eSchermatura di Pb sul retro

W. - Federico Ferraro
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Fase HPGe CERNCOURIER

UNDERGROUND LABORATORIES VoLume 56 MNumeer 2 Marcu 2016

LUNA observes a rare nuclear reaction
thatoccurs in giant red stars

In December. the Laboratory for
Underground Nuclear Astrophyvsics (LUNA)
experiment (CERN Courier October 2004
p31) reported the first direct observation of
sodium production in giant red stars, one of
the nuclear reactions that are fundamental to
the formation of the elements that make up
the universe.

LUNA is a compact linear accelerator
for light ions (maximum energy 400 keV).
A unique facility. itisinstalled ina
deep-underground laboratory and shielded
from cosmic rays. The experiment aims to
study the nuclear reactions that take place
inside stars. where elements that make
up matter are formed and then driven out
by gigantic explosions and scattered as
cosmic dust.

For the first time, LUNA has observed
three low-energy resonances in the
neon-sodium cycle. the *Ne(py)*Na
reaction, responsible for sodium production
inred giants and energy generation. LUNA
recreates the energy ranges of nuclear

Federico Ferraro

reactions and, with its accelerator. goes back

in time to one hundred million years after the
Big Bang. when the first stars formed and the
processes that gave rise to the huge variety of
elements in the universe started.

This result 1s an important piece in the
puzzle of the origin of the elements in the
universe, which LUNA has been studving
for 25 years. Stars assemble atoms through a
complex system of nuclear reactions. A very
small fraction of these reactions have been
studied at the energies existing inside of the
stars, and a large part of those few cases have
been observed using LUNA.

A high-purity germanium detector with
relative efficiency up to 130% was used for
this particular experiment, together with a
windowless gas target filled with enriched
gas. The rock surrounding the underground
facility at the Gran Sasso National
Laboratory and additional passive shielding
protected the experiment from cosmic rays
and ambient radiation, making the direct
observation of such a rare process possible.

Members of the LUNA collaboration
pictured next to the facility.

e Furtherreading
F Cavanna etal. (The LUNA Collaboration) 2015
Phys. Rev. Lett. 115 252501
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Fase HPGe

* Prima misura diretta della risonanza a 189.5
keV: WY189 s kev = (1.87 £0.06) x 10 eV

WY189.5 key = 0.12 x 100 eV (90% C.L.)
Eur. Phys J. A (2014) 50: 179

* Misura precisa di WyY;g9 5 ker:

* 2 risonanze osservate direttamente per la prima

£ volta a 259.7 keV e 156.2 keV e misura della loro
o forza:
v
g . WY507 koy = (6.89 £ 0.16) x 106 eV
= Ajot WY1562 key = (1.48 £ 0.06) x 107 eV
8 ”
Q
~
—

Counts.

close to the previous|  * Limiti superiori sulla forza delle risonanze a 215
upper limit of 2.6 x keV, 105 keV e 71 keV:

E ' 106 ev
s J. Gorres, C. Rolfs, P. <2.8%x108%eV
;5.‘ . Schmalbrock, H.P. WY215 kev = -8 0"e
S Trautvetter, J. WY105 key < 7.6 % 10° eV
Keinonen, Nucl. Phys. < 9
1610 1820 1630 1640 1850 1650 1670 £ et A 385’ 57 (1982)' a)Y71 keV ) 1.5 x 10 eV
Fig. 3. Observed 4-ray spectra near 440 (top panel) and Phys Rev. Lett. 115, 252501

1636keV (bottom panel), for the E, = 186keV resonance
in 22Ne(p, ’y)zaNa. The off-resonance spectrum is overplotted,
scaled by a factor of 0.96 for the same charge.
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Profilidi P e
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Profilidi P e

PROFILO DI PRESSIONE PROFILO DI TEMPERATURA
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Profilo di densita

Pressure (atoms/fcm®3)
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Measured gas density along the beam axis
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| setup del rivelatore BGO

teflon collimator blunt edges € suppression ring
o - .,7 \_'_ . _____ V ——. v — = )
\ 1 calorimeter
beam @ 1 % —
- * — A TR B D —p e —
Interchangeable part B= re =z r maw
of the collimator
40 100

il

pumping
stage

@@ @ ProtonBeam  } | [ Gas larget

Image credit: Daniel Bemmerer

Risoluzione: = 400 keV nella Rdl
Efficienza: = 64% nella Rdl

IFAE 2016

fﬁ'f. - Federico Ferraro



Calorimetro

Beam
Stopper

Heat Conductor

Ion Beam

—
Power Cold Liquid
Resistances Side N Cooling
Heat Conductor
Tcold

IFAE 2016

""Vbeam — vVO - I'/Vrun
"/Vbeam
I target — Ecal " e

Wo — Weun
= (e
Ep - AE’target !

* Moduli NI-cRIO

* Controllore integrato pragrammato in
LabVIEW

*4 RTDs (3 lato caldo, 1 lato freddo)

* Controllo attivo della temperatura: 8
resistori di potenza

* Raffreddamento a liquido del lato freddo
* Potenza senza fascio: ~ 120 W
* Potenza con fascio: ~ 80 W

_ﬁT - Federico Ferraro



Efficienza

*Misurata lungo l'asse

*10 posizioni (camera di 10,8 cm)
*137Cs, 7Be, 88Y, 69Co, 14N(p,y)150
*Sostegno in materiale leggero

*Simulazioni MC

Sostegno della
sorgente

Tﬂ'f. OE Federico Ferraro
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Efficienza
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In corso una regolazione fine del MC
(per riprodurre | dati delle sorgenti e gli spettri in azoto)
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Il ciclo NeNa

. R 4
";S'AI | 26, | 27y * 22Ne fornisce neutron per la
. A SR . nucleosintesi guidata dall cattura
- T \ neutronica (tramite reazione
- Pmg ®Mg | i Mg 2\1g 26Mg competitive alla 22Ne(p,y)%3Na)
L Na BNa | PNapm * In uno scenario ricco di idrogeno, il
TN T """ . 22Ne viene distrutto
\ prevalentemente tramite la
ZONe 21Ne 22Ne . 22 23
reazione *°Ne(p,y)*>Na
' Ne-Na cycle
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Fondo in assenza di fascio
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22Ne (@ E.=71keV s

Sum of different runs

Tonadence widow: L5

rar 130T - T S0 ORS (8 counke: e B BOE)
e rer i3S - AT A2558 015w (8- counte e e RO
I oI - MT SEROM BN ui)] counts e e HOT)
I rereiI - AT TER 178w (B counke e e RO
rardllH4 - T BE24E1 040 w (8- counis b He 0T}
D rereHHE - M. B ECTY w (B counte e e ROT)
rardli T - M T SX0ED T w (- count e Ha BOE)
D rorelTrT - AT TSN OB (¥ count e b BOT)
D rereMI2T - T S4007BED w (4 counts e e BOT)
I roreBE - WT B0 SOT w3 counbe e e 10T
rorelG - T BEIT2 T2 w (8 oounts i B ROT)

107

108 |

41

———ri] —-;nm
L )

ih__-
{‘

10°

Q,., = 60.36 C
RT,. = 825614 s

10*

10?

102

S e

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Energy (keV)

10

|||urrr| |||rITrI'| ||||I'I11'| Tt

=

IFAE 2016

fﬁ'f. - Federico Ferraro



Ar @ Ep:7 1 keV oo

Sum of different runs

10°

10*

107

10°

10

Federico Ferraro

Illlll'!

uri 38
T 2310
i 323
i 334
urAiE3
urs34
TLInHES
s
urdET

L
- BIT: B335 004 a (3 counts in the ROG
-mm.mugmnn
- FT: BE054.090 & (5 counls i the
-BT: 21253505 8 (1 counts in the ROG
- BT: STETEA7E & (3 counts in the
-BT: BTS04 & (2 counls in the
- BT S36E0XET & (2 counls i the RO
- BT: TE255.230 & (3 counls, i the ROG
- BT: S1B27.717 & (2 counts in the ROG

Q. =67.10C
RT,. = 669975 s

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

IFAE 2016

Energy (keV)




Ep:105 keV

Sum Energy Spectrum

Coincidence window: 1.5 us

10f

Coounis: I e FOH (5409020 e Y 205 + 14

10 Q= 70.64 C

RT,,. = 546983 s
109

Q= 64.47 C
R, = 464093 s

10¢

10

18000 20000
Energy in kel

IFAE 2016

—ﬁf. - Federico Ferraro



