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Stellar Nucleosynthesis
- First minutes after the Big Bang
- H, D, He, Li
- Tuniverse ≈ 109 K

- H à Fe
- Explosion phase : heavier elements
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Carbon target position

Beam of Carbon

High vaccum chamber ≈ 10-8 mbar

STELLA Experiment

Silicium detectors
S3B & S3F



Silicium detectors
S3B & S3F

14

Beam of Carbon

Position of STELLA Experiment

High vaccum chamber ≈ 10-8 mbar

STELLA Experiment

Carbon target position



Experimental Coincidences Investigation

12C + 12C à 23Na + p + γ (p1≈ 440 keV)
23Mg + n + γ (n1≈ 451 keV)
20Ne + α + γ
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p1

γ (p + n) 
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p1

γ (p + n) 

γ (e+)

0.4 1 Eγ (MeV)

12C + 12C à 23Na + p + γ (p1≈ 440 keV)
23Mg + n + γ (n1≈ 451 keV)
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- Photoelectric effect
- Compton effect
- Pair Production

P s
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Without Condition : Background + 12C + 12C à 23Na + p + γ, 23Mg + n + γ, 20Ne + α + γ
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With S3B Particles Coincidences : 12C + 12C à 23Na + pi + γ1 ; i = 1…12
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With S3B Particles Coincidences : 12C + 12C à 23Na + pi + γ1 ; i = 1…12

With only p1 Coincidences : 12C + 12C à 23Na + p1 + γ1
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0.64 keV
1.20  keV

E[
M

eV
]

E[
M

eV
]

à Differences between All-parameters and coincidence spectra parameters : µγ-All > µγ-S3B,p1
σγ-All > σγ-S3B,p1

à The data are shifted to the right : larger mean and sigma due to the additional contribution of the possible neutron
(440 keV : p1 + 451 keV : n1)
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Study of the impact of statistical fluctuations
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Study of the impact of statistical fluctuations

Simulation Study

0.2 keV
0.1 keV

à Statistical fluctuations are not the 
cause of the energy shift and 
widening
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Δµ : 0.20 keV < 0.64 keV
Δσ : 0.11 keV < 1.20 keV
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Simulation Study

0.2 keV
0.1 keV

Δµ : 0.20 keV < 0.64 keV
Δσ : 0.11 keV < 1.20 keV

à Statistical fluctuations are not the 
cause of the energy shift and 
widening

à We can now look for the neutron 
contribution in the first peak

à Normalisation : Same statistical
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Simulation Study
Study of the neutrons contribution

Idea : Reproduce total spectrum with
proton gated parameters, to find the 
contribution of the neutron in the left
peak
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Simulation Study
Study of the neutrons contribution

Blue : Peak γp1 440 keV (S3B)
Peak γn1 451 keV : 14.5% + 0.5 %
Peak γe+ 511 keV

Green : Superposition Background + All

Idea : Reproduce total spectrum with
proton gated parameters, to find the 
contribution of the neutron in the left
peak
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Qvalues : Erel – Estate

Q(n0) = 2.90 MeV
Q(n1) = 2.45 MeV
Q(n2) = 0.85 MeV
Q(n3) = 0.54 MeV
Q(n4) = 0.18 MeV
Q(n5) ≈ 0.13 MeV
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12C 12C

Erel = 5.5 MeV
Ebeam = 11 MeV

NR : Number of reactions
NT/A : Number of targets per surface
NP : Number of particles in the beam
ε : Efficiency of gamma ray detection in LaBr3

Δt : Data acquisition time

Q values and cross section calculation
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NR : Number of reactions
NT/A : Number of targets per surface
NP : Number of particles in the beam
ε : Efficiency of gamma ray detection in LaBr3

Δt : Data acquisition time

à 1.7 mbarn > 1.6 mbarn but very encouraging
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àCharacterization of experimental γ-spectra : All + Coincidences
àMismatch of peak parameters µ and σ
àSimulation study for statistical relevance Δµ and Δσ
àSimulation to reproduce full γ-spectra with gated parameters : First evidence of the 14.5 % + 0.5 % 

neutron proportion in the 12C + 12C fusion reaction chain in this dataset
àCalculation of cross-section + comparison with literature : near-matching result 1.7 mbarn > 1.6 mbarn

àROOT scripts : experimental data + simulation
àGnuplot : display
àModelisation of experimental data
àMathematica calculations

àModel too simple : simulation
àAnalyse all 30 detetctors of STELLA
àStudy to be further developed for possible publication
àChoose an energy with only allows population of the n1 level
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