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High temperature nucleo-synthesis
In normal stars, 12C is mostly produced by the three
alpha process through the Hoyle state (7.65 MeV). 
At higher temperature, the 3- (9.64 MeV) state might 
contribute but the poor knowledge of the 3- gamma 
decay branching ratio leads to very uncertain rates.

Partial width history
- Γγ = 0.31 meV : Crannell et al. (1967) (e,e’)
- Γrad/Γtot < 10-7 : Chamberlin (1974) (p,p’) [p-12C]
- Γrad/Γtot = 1.3(1.2) 10-6 : Tsumura (2021) (p,p’) [p-12C]
- Γ2γ/Γtot = 6.4(5.1) 10-5 : Cardella (2021) (p,p’) [p-12C-γ-γ]

T26-01
Measure Γ2γ/Γtot in (p,p’) reaction with [p-γ-γ] coincidences 
benefiting from the good resolution of FAZIA for detecting the 
protons and the good efficiency of INDRA for the gamma rays.

 → 30% relative uncertainty on Γ2γ/Γtot

 → 12C + CH2 @ 11.5 MeV/nuc. (~11 MeV/nuc.)
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Kinematics and energy choice
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Kinematics and energy choice
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Beam time summary
30/03 – 01/04 12C4+ at 10.97 MeV/nuc. (~1-5% of 15N5+ contaminant)
03/04 – 04/04 12C6+ at 11.02 MeV/nuc.
04/04 – 07/04 12C6+ at ~10.96 MeV/nuc. (energy changed after tuning of CIME)

Systems
12C + CH2 at 11.02 (10.97) MeV/nuc. ~7x108 events
12C + C at 11.02 (10.97) MeV/nuc. ~4x107 events
12C + Au at 11.02 (10.97) MeV/nuc. ~1x107 events
12C + CD2 at 10.97 MeV/nuc. ~7x106 events

Trigger
FAZIA and INDRA Si in trigger mutliplicity 1
Internal FAZIA Si1 out of trigger or with low+high threshold for high intensity runs
INDRA CsI acquired only when FAZIA or INDRA Si triggered

General comments
FAZIA, INDRA and D5 were ready (huge effort from GANIL staff)
Beam alignment and overall quality super-good, minor issues on detectors
Many thanks to all contributors (FAZIA and CHIMERA)



  

Data reduction (https://caeopenproject.in2p3.fr)



  

Overview of the reaction 
channels (idx==133)
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Inelastic 12C(12C,12C’)12C*
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Inelastic 12C(12C,12C’)12C*
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Transfer channels
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Transfer channels
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Gamma detection



  

Gamma sources
- AmBe (4.44 MeV)
- Na (511 keV, 1.27 MeV)
- Co (1.1 MeV, 1.3 MeV)
- background (1.4 MeV, 2.8 MeV) 

Performances with sources
Reasonable resolution and peak-to-total ratio (ring 11-17)
CsI calibrated (linearly) by Caen-Catania team
Add-back procedure to be implemented (promising)
NIMA on source run under preparation

In-beam performances 
Charged particle-gamma coincidences for (p,p’), inelastic and 
transfer channel to be done...

22Na

AmBe



  

PSA in INDRA



  



  

Analysis in progress...



  

April 2025 – 12C + 12C @ 105 MeV (e881)
– 12C + CH2 @ 105 MeV (e881)

June 2025 – 12C + 12C @ 165 MeV (e884)

Oct. 2025 – INDRA CsIs gamma calibration

Dec. 2025 – Rumors about CSS2 availability

Jan. 2026 – call for internal proposal at GANIL

Jan. 2026 – experiment proposal sent to GANIL

Feb. 2026 – T26-01 ~officially scheduled

Mar. 2026 - gamma source run with INDRA

Apr. 2026 –  12C + CH2 @ 132 MeV


