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12C+12C motivation
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The 12C+12C state of the art
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The 12C+12C state of the art
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The 12C+1%C possible cluster states

PHYSICAL REVIEW LETTERS 129, 102701 (2022)
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The 12C+12C potential model
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Different potential models lead to different ways to
extrapolate the low energy cross section (S-factor).
The only way to distinguish is to measure below 2 MeV.



The 12C+12C reactions 7

12C+12C> ONe + a
12C4+12C> 2BNa + p

L2C+12C> *Mg + v

Q=4.62 MeV
Q=2.24 MeV

Q =13.93 MeV

RC+12C> Mg + n Q=-2.62 MeV

lliadis, C., Nuclear Physics of Stars, Wiley, 2015

10°
~ 1072
N(_;h
T 104}
3
g: 10°8
>
)
=
10—1[3
w0

10-8 P&

B 120(120‘p)/

120{1201],.')

Temperature (GK)

Center of Mass Energy (MeV) relative to “C+"™C

=12

L-13

2C+"C

L-14

24Mg

1IN

d+

24

0+

“Ne+o

-13.934

4,617

| Ti2+

b2+

K
?TI-NE__'“D

Ti2+

b2+

32+ | 9508
“Mg+n

-2.241



The 12C+12C reactions
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The 12C+12C reactions
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The 1°C+12C study via y detection
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Measuring 12C+12C in laboratory: y-rays detection
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Measuring 12C+12C in laboratory: y-rays detection
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Measuring 12C+12C in laboratory: y-rays detection
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Measuring 12C+12C in laboratory: y-rays detection
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y-ray natural background

1. Environmental radioactivity (y-rays of low energy):
a) natural radioactive series 226Ra, 2*“Bi, 214Pb (from 238U) and 22*Ra, 2°8Tl, 212Pb (from 23?Th);
b) radon (?22Rn -22°Rn) a short-lived radioactive gas (from 238U and 23?Th respectively);
c) long-lived natural radionuclides such as 4%K, 8’Rb, 11°In, 133La, 142Ce, etc.
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Beam induced background
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Coincidence yy + passive shielding

resonance at 227 keV in 2Mg(p,y)?’Al, 1pA

8000 T T .
singles, no LENA - experlinent
4000 - shielding z
5\_
2000 | m 1 ? " :; 8
LJMIJLJ——M—\JLF__ %\ % 1//3
0 u : ! B s i
T ..  singles, shielding : 38
. L TBI ] g
3 400 5 s
B 28 2
C 200 - "Bi 2
3 /N g .
£ o 4 = %
0 : : : : : : g g . )
. . . . 3 'g’ . .'\\
s COINcidences, no shielding B T
Longland et al., = ) 83
20 1 Nucl. Instr. Meth. \22”—>0 2 33
A 566, 452 (2006) 5
1 11l LU0 1w AT W U TR TP (T | Wi 1A I Hll 11k E
1000 1500 2000 2500
y-ray energy (keV) LR/
. TR S R
Background reduction: ™ %
up to 3000 for 0.6 < EY(MeV) <3and20 for 3< EY(MeV) <9 g &

Strong reduction of the efficiency!!



Presenter Notes
Presentation Notes
 γγ-coincidence methods [28] could lead to a significantly higher suppression factor at the Earth’s surface compared with standard active and passive shielding, but these methods are always coupled to particular nuclear reactions and lead to a reduced detection efficiency. These techniques
reduced background count rates in the regions of Eg . 0:6–3:0 and 3.0–9.0MeV with respect to unshielded singles count rates by factors
of 3600 and 21, respectively.


Why going underground: y-background
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Why going underground: y-background
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y-detection: high efficiency for low counting
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y-detection: high efficiency for low counting
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LNGS laboratory
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LNGS laboratory
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LUNA: a long story of discoveries
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LUNA: a long story of discoveries
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LUNA 50 kV: the dream of W. Fowler
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- - recent meeting on Solar Fusion Reactions at the Institute of Nuclear Theory, Washington
| 99.75% 0.25% t t Solar I React t the Institute of Nuclear Th Washi
2H+p >3He +y University. At this meeting, I had the opportunity to see for the first time the results of
86% 14% | 2-10°% the LUNA measurements of the important 3He — 3He reaction in a region that covers
s s | . s . ! , s ! . a significant part of the Gamow energy peak for solar fusion. This was a thrill that I
+ M . " . " H
He +°He — *He + 2p 99 Iélg; He |—) Be +y 0118 He +p > %He+e*+v  Laq never believed possible. These measurements signal the most important advance in
— — nuclear astrophysics in three decades.
‘Be+te > 'Litv ‘Be+p—>8B+y
7Li + p — %Be 88 > 8Be + et +v J. Bachall
8Be —» 2 ‘He 8Be —» 2 ‘He
S-factor of *He(®*He,2p)*He
20 ; ‘
VOLUME 82, NUMBER 26 PHYSICAL REVIEW LETTERS 28 JUNE 1999 8l T o [bwrl]
w6 | | Gamow peak X [KR87]
: 3e(3 4 : L | ¢ LUNA 99
First Measurement of the “He(*He, 2p)*He Cross Section down to the Lower Edge o 1| | | o LUNA 98
of the Solar Gamow Peak % - s |
12 E | |
R. Bonetti,! C. Broggini >* L. Campajola? P. Corvisiero* A. D’Alessandro,.> M. Dessalvi.* A. D’Onofrio® A. Fubini,’ Ea } it ‘ . |
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LUNA 50 kV: stopping power

Energy loss of deuterons in 3He gas: a threshold effect

A. Formicola et al.: Energy loss of deuterons in *He gas: a threshold effect 445
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Fig. 2. Energy loss of deuterons in *He gas as function of deuteron energy. The “electronic” curve represents the electronic
stopping power from the compilation [3] based on data above 80keV (shadowed box) and the “nuclear” curve is the expected
nuclear stopping power [3|. The present data show a threshold effect in the electronic stopping power at Eq = 18keV.



LUNA: a long story of discoveries
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LUNA — available experimental set-ups
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The age of the oldest Globular Clusters should be increased by about 0.7-1 Gyr.
The lower limit to the Age of the Universe is 14 + 1 Gyr. In good agreement with the precise detrmination of WMAP.
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D(p,y)°He: baryon density of the Universe
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Results

1. HPGe Campaign
®E,=80-400 keV
® Gamma (Peak) Shape Analysis

2. BGO Campaign

®E, = 65 - 400 keV

® 3C(p,y)**N: Sum Peak Method
® 12C(p,y)**N: Activation Method

12C(p,v)*3N: ~ 25% lower than literature.
13C(p,v)**N: ~ 35% lower than literature.

Papers:

® JPhysG 2023: technical paper about background

® PRL: letter about the results, referee report just received
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170(p,y) 8F: CNO H-burning

Factor 4 background reduction ® Footprint of AGB nucleosynthesis and link to other cycles;
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The 3.5 MV machine

Requested beam intensities

Acceptance tests
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The 3.5 MV machine

Requested beam intensities

Acceptance tests
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Requested beam intensities

Acceptance tests

HIGH VOLTAGE ENGINEERING EUROPA B.V.

."l'll'l'l\-l{'ll.lill'l'lhl.."\ll.'l: 63, 3812 RR Amersfoort, P.O. Box 99, 3800 AB Amersfoort, The Metherlands
Phome: +31-33-46 19741, Fax +31-33-4615291. Trade register Amers |'n:| nr. 31014544
E-mail: infofghighvolieng.com — Web: www, highvolieng
LNGS del INFM 01497/ A29897-05 = R R PR AR P EEF AR EF PR PR E PR P R R E R R R e Ly
G.E. n. 10674/2015 August 26, 2015 = [EE =
' 0 I i c
-+ 1150 o 9
Specifications - g
1100 [t a6 ah  H 2
- Servicing interval : > 700 hrs (at max beam intensity (1000 uA)) 1050 - i
- Annual operation capability : > 7400 hrs (at max beam intensity) 1000 = A 2
I 5 110
- Beam currents**##* 250 L ol
Ixg* =
H (TV:03-05MV) : 500 epA (700 uA) —
'H* (TV:0,5-3,5MV)  :1000 epA (1200 uA) 200 il | | | | | | | 3 3 |\/|V_
4 ¥ . -~ 8 1 1 1 1 1 1 1 1 1 1 1 1 1
He (TV:03_05MV) __: 300 eud (400 uh) 00:00 00:30 01:00 01:30 02:00 02:30 0300 03:30 04:08°
He' (TV:0,5-3,5MV) : 500 epA (700 uA) fime

E 15 Iji, 05 MV) : 100 epA (120uA)

. (Wﬂs 3,5MV)  : 150 epA (200 uA)
202" (TV: 0,5-3,5MV) : 100 epA (100 uA)

- X-ray radiation leve]***** : <0,5 pSv/h



The 3.5 MV machine

Requested beam intensities
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Test during FAT energy stability and spread via (p,y) resonances
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The LNGS-MV accelerator
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LNGS is still the unique place where to find an underground carbon beam!




LUNA MV first years scientific proposal

* CNO Hydrogen burning, Age of Globular Clusters and C production in AGB:

Y“N(p,y)*>0 also for final scientific commissioning the MV accelerator

First experiment, ready to start
* C burning:

12C+12C fusion Pillar processes

detections of both particles and y—rays
y-experiment ready to start by spring of 2024
* Main neutron source:
22Ne(o,n)*°Mg
Data taking ready to start by second half of 2023




“N(p,y)*>0 : open issues
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14N(p,y)1°0 @ LUNAMV

There is the need to cover the energy window between about 1.5 MeV down to 250
keV using the same detection setup

* 3 HPGe detectors for angular
distribution measurement.

Counting rates expected for HPGe in close geometry
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Underground shielding

S_pilllane e; al. PRL 20Q9
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More than 4 OoM less background
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Massive shielding very effective underground:
we will detect the structures below E_, = 2.5 MeV and presence of hindrance !!!!



Measuring 12C+12C in laboratory: y-rays detection @LNGS
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Measuring 12C+12C in laboratory: y-rays detection @LNGS
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The 12C+1%C setup at LUNA-MV

25 cm thick lead shielding,
under production;

An 150% HPGe;

16 Nal detector as further
active shielding/anti-
Compton;

Work ongoin on targets
characterization in
collaboration with LNL

25 cm thick lead

HPGe detector

16 Nal

for suppression of \ | b

v background

Aperture
for targets
replacement

lead holder

and detectors
maintenance

-

Y measurement
setup




The 12C+1%C setup at LUNA-MV

25 cm thick lead shielding,
under production;

An 150% HPGe;

16 Nal detector as further
active shielding/anti-
Compton;

Work ongoin on targets
characterization in
collaboration with LNL

Aperture
for targets
replacement

and detectord

maintenance

Automatic Hyd
for easy acceq

and targ

HPGe detector

16 Nal

lead holder

Y measurement
setup



Y measurement
Setu p HPGe dewar

16 Nal Scintillators
41 configuration for anti-Compton (23Na)
and efficiency improvement (2°Ne)

1 cm copper

Retractable beam line
for targets replacement Target holder
cooled — cold finger

HPGe detector
0° - close geometry

under testing in LNGS



Y mea
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Expected setup efficiency and sensitivity

Minimum daily reaction rate to reach 50% statistical uncertainty;,
considering detection efficiency, beam current (200 puyA) and data
taking time (60 days). Units: reactions/day

12C + 12C -’*EDNE + qQ 12C + 120 _’23Na + p

EF:1 634 keV EV:44O keV
HPGe 5 13
HPGe +
anti-Compton 3 10

(depending on
funding)



Thank you for your attention

Few months ago..
last visit in Edm(bu 'gha
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