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INDRA-FAZIA@GANIL
Detector initially designed for high multiplicity events 
in heavy-ion collisions 

 → FAZIA : charged particle spetrometer
 → INDRA : gamma calorimeter
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Hoyle state radius
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Hoyle state radius experiment
Crutial for understanding 12C formation in stellar 
nucleo-synthesis. Still very challenging for modern 
nuclear structure theories.

 → No consensus on the spacial configuration
 → Questionable experimental estimate of the radius 

 → Measure the Hoyle state matter radius using 
elastic and inelastic 12C + 12C scattering cross sections

[1] S. Shen et al., Nature Com. 14 (2023) 2777
[2] T. Otsuka et al., Nature Com. 13 (2022) 2234
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INDRA as a gamma 
calorimeter



  

Gamma detection with INDRA
Gamma from the 2+ state of 12C were detected in INDRA CsI 
during the Hoyle state experiment.

 → Calibration run with Na, Co and AmBe gamma sources
 → Decent energy resolution and excellent overall efficiency ! 
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Gamma branching ratio for 
nucleo-synthesis
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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 (2026)
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 MeV/nuc.
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Complete detection for 
direct reactions
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Opportunities with 
SPIRAL1 beams
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13N

10C

FAZIA@SPIRAL1: 13N +CH2 example
Hoyle analog and super-radiant state in 13N(p,p’)13N
Thomas-Ehrman shift for 10C-10B-10Be in 13N(p,α)10C
Complementary info from gammas
All transfer channel also populated

 → Other groups interested in using
INDRAFAZIA for direct reactions

 → Excellent detector for
cluster studies 

mailto:FAZIA@SPIRAL1


  

Can we do better ?



  

FAZIA for charged particle spectroscopy
 → Excellent missing mass resolution on the heavy projectile-like  

thanks to good quality silicon pads
 → Good performances for invariant mass thanks to individual 

‘pixels’ designed for high multiplicity events but lack of resolution
 → Decent performances for (p,p’) and (p,α) but lack of resolution

INDRA for gamma calorimetry/veto
 → Decent energy resolution for high energy gammas
 → Excellent overall efficiency at 4 MeV (~30%)

Potential FAZIA upgrade
Keep the silicon pads for missing mass (heavy) but increase the 
granularity for invariant mass and (p,p’) (light)

 → Shorter CsI cristals (10cm  4cm)→
 → Segmented CsI matrices (4x4?) read by SiPM
 → Simplified electronic chain
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Summary



  



  



  


