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Molecular resonances in the 2C+2C fusion

The world's first tandem accelerator reaction measured by Almqvist et al., in
installed at Chalk River in 1959. 1960



Carbon burning in the universe

Nucleosynthesis In
massive stars

Ignition conditions in type la supernovae
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Candidate for Superburst ignition
Type | bursts superburst
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A Large difference between
THM and HindranceA Highly
uncertain rate

A INDIRECT: Corrected THM
exhibits a trend similar to
Hindrance by replacing PWIA
with DWIA

A Unknow resonances: Need
better selection T=0, JP=0"2*

12C(12C,p)BNa (Q=2.24 MeV)
12C(12C,a)20Ne (Q=4.62 MeV)
12C(12C,n)BMg (Q=-2.62MeV)



Uncertainty in the reaction rate
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Direct Measurement of
12C(12C,36,1)20Ne &
12C(|.2C,n)’1)23|\|a




Branching Ratio

What are the important channels at stellar energies?

Statistical model prediction
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Important channels: ay; and pg 4
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Particle -g coincidence at lower stellar energies
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Carbon fusion project at LUNA -MV C+2C - v measurements
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Figure 9a: Environmental background in HPGe detectors in different shielding configurations.
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Figure 9b: Visualization of a hypothetical reaction yield (solid) on top of the background levels
of shielded setups from Fig, 9a (dotted).
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Direct measurement with charged particles
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ngh IntenS|ty+T|me PrOJectlon Chamber
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U LINAC ngh Intensﬂy beam up to few hundredpwh
U TPCUltra sensitive tracking detector Z.C.Zhang NIMA(2021)
Doi: 10.1016/j.nima.2021.165740

0 Complementarto LUNAMV and other experiments



Low Energy Heavy lon Accelerator Facility(LEAF)
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Detector setup
Background suppression via tracking

Time Projection Chamber (TPC) + Si anJéy L
Particle identification
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X-ray and other beam induced background
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High Power Carbon with High Purity

U Improving thermal conductivity using flexible graphene

U Carbon targets: Diamond like carbon(DLC), Heated graphite (5N), Highly Ordered
Pyrolytic Graphite High (HOPG) Detailed discussion by N.T. Zhang



Analysis' E_.,=2.72MeV with Graphite (5N)
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Analysis'

E..=2.4MeV with HOPG
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Another result with HOPG

@E ,=2.2MeV
10. 12C(12C p) 12¢(12C
(@ o C(C,p) —— TC(°Cyu) E .=2.22 MeV
...... 12¢C(d,p) 15 hours, 15puA

Clear identification with cuts in the energy loss and tracks in TPC
Wang et al., NST(2025



2.5MeV_graphite_70mbar_Ar+CO2+Kr_Run2084
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Determination of° of E,=2.76 (MeV)
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Prediction of 4 state at 2.55 MeV is confirmed by our experimer



