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...u.h e e a lot of bright gas:

& - _ﬁh > hydrogen: 73.4% (mass)
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What is happening in a srtar?fg.
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<— Temperature
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Stars are gigantic, yet utterly inefficient fusion machines

What is nuclear fusion?
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What is nuclear fusion?
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> temperature distribution in stars:

—T=050GK
- T=0.75GK
T=1.00GK
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= Maxwell-Boltzmann distribution

> barrier in quantum mechanics:
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Gamow peak:
> temperature distribution
> tunneling probability

Maxwell-Boltzmann

distribution Tunneling through
o exp(-E/KT) Coulomb barrier

o exp(-[(E¢/E)**]

Relative probability

Gamow peak

E,
X X
KT E, Energy

= energy, where reactions take place
— extremely low cross section

> background reduction

> robust setup, data acquisition
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Stars are gigantic, yet utterly inefficient fusion machines

Typical fusion excitation function into low-count acquisition runs

sub barrier 2C+'2C:
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Typical fusion excitation function into low-count acquisition runs

sub barrier '2C+'2G: > physics: 0.6 MeV, 1.7 MeV
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Typical fusion excitation function into low-count acquisition runs

sub barrier '2C+'2G: > physics: 0.6 MeV, 1.7 MeV

* from Aguilera et al
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> background: 1.46 MeV
background model: linear, exponential
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Typical fusion excitation function into low-count acquisition runs

sub barrier 2C+'2C:
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> background: 1.46 MeV
background model: linear, exponential
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Typical fusion excitation function into low-count acquisition runs

sub barrier '2C+'2G: > physics: 0.6 MeV, 1.7 MeV
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> physics: 0.6 MeV, 1.7 MeV
well defined peaks, +30 gates

> background: 1.46 MeV
background model: linear, exponential

> statistical uncertainty
> tails of background contributions
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Typical fusion excitation function into low-count acquisition runs
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> background fluctuations
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Measurement of particles and gammas N
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hydrogen burning:
'"H+'H+"H+"H—*He
O det
helium burning: O /

“He +*He +* He—'2C proj

carbon burning:

1. beam intensities of a few puA
12C 412C L2 Mg* 524 Mg 4y 2. data taking for weeks
—>23Mg Al 3. y-particle coincidences, granularity
L BNa 4 o 4. low counting statistics analysis
—2Ne + o
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Measurement of particles and gammas

background supression: results:
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> improvement of experimental error
> separation between trends

Log (0,) [mb]

> core size varies by ~ 30 %
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NOF=3954 (168.46, 87219 65)

> carbon burning phase varies ~ 10 %

> element abundances vary by ~ 30 % ' B Cemew 0
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> improvement of experimental error
> separation between trends

> core size varies by ~ 30 % ®
> carbon burning phase varies ~ 10 % *
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> element abundances vary by ~ 30 %
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> improvement of experimental error
> separation between trends

> core size varies by ~ 30 %

> carbon burning phase varies ~ 10 %
> element abundances vary by ~ 30 %
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> core size varies by ~ 30 %

Log (a,) [mb]
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