The challenging direct determination of the cross section
of the 12G+12(; reaction at astrophysical energies
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The 12C+12C reaction

172+

e Stellar Carbon burning proceeds mainly though the
12C(12C,0)20Ne and the 12C(12C, p)2sNa channels.
e About 509% of the reactions leave the final nucleus in
an excited state.
e The present experiment focuses on the detection of
the de-excitation y-rays:
e| arge background reduction by going
underground,
eCan reach very low energies -> Gamow window,
eUse HPGe resolution to distinguish transitions,
*Blind to ground state transitions (a0, p0).
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The state of the art
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e The 12C + 12C fusion reaction has been
directly investigated down to 2.1 MeV.

e Determination of reaction rates at
stellar energies relies on extrapolation
of high energy data -> large
uncertainties.

eExtrapolation is further complicated by
possible cluster configurations in
24Maq.

* The direct measurements are
complemented by indirect
measurements, transfer techniques or
other reaction methods.

* These often rely on complex
theoretical frameworks and
assumptions to interpret the measured
data.

e Conflicts In both the direct and
Indirect determinations at the energies
of Interest.

We need a direct measurement of the 12C+12C cross-section at the energies of interest.
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The state of the art
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Min. overburden: 3400 mwe
muon flux reduction: ~ 108
neutron flux reduction: ~ 10°

Gran Sasso
Mational
Laboratory
L]

LUNA 400 kV

LUNA 50 kV

Adriatic
coast

1.E+04

aog —inside . E, :;fv’:f:v : = : : -
16403 B | oUmSKeTIoNE Inline Cockcroft Walton accelerator
227H —outside 3.3- 101 out H*b 500 - 1000 pA
. eam: -

1602 —tcemlead | 24.10-%0n TERMINAL VOLTAGE: 0.2 - 3.5 MV H
2 Radiation | LNGS/out Beam energy reproducibility: 0.01% TV or 50V He" beam: 300 - 500 pA
o 1E+01 muons 10°
a neutrons | 10° Beam energy stability: 0.001% TV / h C*beam: 100 - 150 pA
2 1E+00 - -
E. " ' Beam current stability: <5% /h C** beam: 50 ppA
wn 1.E-O01 H
- [Image credits: Matthias Junker]
=
S 1e02 [f X | | h

- nvironmental radioactivity I ||H I IIII ‘l I_l cosmic ia'rs

0 1000 2000 3000 4000 5000 6000 7000 8000
E'[kEU] [Image credits: Gianluca Imbriani]

[Riccardo Maria Gesue 5/15




The detector array
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eergykev] 18 The Nal array works as an active veto

Figure 2. Comparison of the count rates for different shieldings of GePD2, i.e. without lead shielding (black), with a lead and
copper shielding (blue) and an additional nitrogen flushing {orange). As a comparison, the count rate of the unshielded GeBochum

above ground is shown in grey. The most prominent peak structures are labeled and color-coded according to their origin and listed fo r CO m pto n ) e nVi ro n m ental an d

x10°5  [Geswestsl, 2625) beam-induced background events +
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gep ° Yo ongoing.
Eaf : eHPGe fully characterized, see
Lo j Gesue'+2025.
e ? Sxperimenta ) ] *First experimental campaigns only with
| IGTEI | II'JI.4I | Iﬂjﬁl | LDTSI | llfﬂl | I1j2l HPGe'
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hr Figure 9. Lateral scan of the GePD2 detector along the
= bore hole axis using a collimated #7Cs source (see inset).

Experimental data (orange) are compared to results from
simulations (blue). An offset of 0.5 cm was applied in order

Piﬂﬂar dﬂ Mﬂnﬂ Gesué to account for misplacement of the collimator. 6 / 1 5




The target

Machined target holder ||3DPrinted target holder
. - e - - i 'H‘:ﬁ:f:

e [arget characterization campaign at Felsenkeller
Laboratory and LNGS in 2024.

| NGS workshop: 3D printing technology -> target
nolaers.

o/ different graphite targets tested.

e Approximately 1 m thick, density 0.1798 g/cmz=.

eBacking 1.5mm Cu with a few um Ta layer
deposited.

e Thermocamera + optical camera: ~ 1600°C on
surface.

eGlassy, HOPG, Synthered graphites tested:

¢GC and HOPG clean but significant damage after
0.2 -0.6 C,
e Synthered targets less clean, but able to

Target Charge(C) Relative Contamination :
withstand at least 10 C unharmed.
Syntered #1 0.97 1.0
Syntered #2 0.19 1.19
HOPG 0.62 0.14
(Glassy carbon 0.23 0.03
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The target

¢1H and 2H: major contaminants in graphite
targets.

eHeating up the target is a reliable way of getting
rid of contaminants.

eSimple irradiation with beam is not sufficient/
fast enough.

e Kept the targets Syntered #1 0.95, 1.03, 1.01
mm at 200°C In a vacuum oven for a few days:
reduction of the amount of contaminants of
about an order of magnitude.

e Contaminant reduction in a region with flat
cross-section.
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O Syntered 0.5mm
¥ Syntered 1.01mm

1 Syntered 0.8mm rotated
Syntered 1.03mm

A Syntered 0.95mm
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