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Influence on :

Carbon / Oxygen Ratio

Nucleosynthesis of Heavier Elements

Composition of White Dwarfs

Mechanism of Supernovae

Formation of Black Holes in Massive Stars



σ300keV ∼ 10-17 b
Why > 30 years of research ?

Resonances, Interferences

Modelling, Extrapolation

Separation  E1, E2, Rest
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The Stuttgart Approach to C12ag



Experimental   Ingredients

Ion beam :
Intensity 0.5 mA  He+

Stability
Beam induced background

Targets :
Isotope separation
Purity
Homogeneity
Standing time

Detectors :
Efficiency
Background suppression
Granularity

Measuring time !!!



EUROGAM  Detector  Array







background ratecount rate*
for

12C(α,γ)16O

σtot
[nb]

Eα
[MeV]

Ecm
[MeV] beam ind.cosm.ind.

-5 cts/d0.3 cts/d0.00140.930.70

3 cts/d5 cts/d1 cts/d0.0051.060.80

5 cts/d5 cts/d7 cts/d0.031.331.00

8 cts/d5 cts/d25 cts/d0.131.601.20

15 cts/d5 cts/d200 cts/d12.131.60

1.2 cts/h0.2 cts/h100 cts/h102.752.06

2 cts/h0.2 cts/h500 cts/h483.202.40

* for one Eurogam-Ge-detector at  Eγ = 9 MeV ;  distance to target 14cm ;
εrel = 75% ;    α-beam current 0.5 mA ;   target aerial density 2 x 1018 cm-2
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SUMMARY  and  CONCLUSION for 12C(αγ)16O

Extrapolation Values at 
Ecm = 300 keV :

SE1 = (77 ± 17) keVb

SE2 = (81 ± 22) keVb

Scasc =  (4 ± 4)  keVb

Stotal = (162 ± 39) keVb

2 experiments: Ecm = 0.89 – 2.8 MeV

Separation of E1 and E2

Interference combinations excluded

Reaction Rate with ± 25% uncertainty

Table + 2 analytical expressions

Lowest measured energy up to now

Most precise reaction rate

PRL 86, 3244 (2001) ;  APJ 567, 643 (2002) ;  Nucl. Phys. A752, 514 (2005) ; Phys. Rev. C 73, 055801 (2006)







Daniel Schürmann

Inverse kinematic studies of  12C(α,γ)16O 
with ERNA at the DTL-Bochum

Excitation function in the range Ecm = 1.8 – 4.9 MeV

Comparison with Stuttgart results
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12C (α,γ) 16O :

technical means by far not exhausted :

γ-efficiency  factor 10

α-current  factor  2-5

time  factor  5





Saint-Gobin : ball-detector
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12C(α,γ)16O
the key reaction in stellar nucleosynthesis



Man :

65%  O
18%  C
rest H



12C(α,γ)16O

technical means by far 

not exhausted :

γ-efficiency  factor 10

α-current  factor  2-5

time  factor  5

22Ne(α,n)25Mg

technical means for direct 

measurement exhausted

(except underground)
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