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LCharacteristics of Astrophysics Reactions

LObservation of the Chemical Elements in the Universe: Solar System

Solar Isotopic Abundances

» solar photosphere
» most pristine meteorites
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Solar Abundance

R R R R e R

mod. E. Anders, Geochimica 53, 197 (1998)

spans from 10" to 10"
exponential trend until A = 100
overall flat distribution beyond

peaks (Fe, Ba, Pb)
gaps (Li, Be, B)

H: ~ 75%
He: ~ 23%
C—o U:~2%
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LReaction Networks for Nucleosynthesis—B2FH: E.M. Burbidge et al., Rev. Mod. Phys. 29, 547 (1957)

(Post)-Stellar Processes and Sites

primordial nucleosynthesis (Big Bang)
stars/post—stars
cosmic rays

S process

W Mass known
D Half-life known
[] nothing known

r process

stellar burning (red giants & massive stars)
rp-process (X-ray bursts)
s—process (ABG & massive stars)
Big Bang I
r—process (core collapse supernova, neutron star merger)
mod. K. Blaum, Cont. Phys.

51, 149 (2010)
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LReaction Networks for Nucleosynthesws—BzFH: E.M. Burbidge et al., Rev. Mod. Phys. 29, 547 (1957)

Stellar Burning: Reaction Flow in Carbon Burning

N
M

A. Chieffi et al., APJ 502, 737 (1998)

120 112 24 Mg 24 Mg—l—y/stg—l—n
-2 Na* + p/2ONe* +a
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LCharacteristiz‘,s of Astrophysics Reactions

LNuclear Physics < Stellar Modeling

Carbon Burning in Post Asymptotic Giant Branch Stars
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P. Staniero et al., J.Phys. Conf.Ser. 665 (2016)
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LNuclear Physics < Stellar Modeling

Relevant Energies

Nuclear physics: cross-sections, resonances, masses, half-lives. ..
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Relevant Energies

Nuclear physics: cross-sections, resonances, masses, half-lives. ..
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Extrapolations: '2C(a, y)'®0O
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R.J. Boer et al., Rev. Mod. Phys. 89, 035007 (2017)

Resonance parameters (energy, spin, partial decay widths) of the states
of interest from indirect techniques
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Extrapolations: '2C(a, y)'®0O
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Resonance parameters (energy, spin, partial decay widths) of the states
of interest from indirect techniques O «Br «=» <2
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L Implications for Measurements

Implications with Sub-Nanobarn Cross Sections

» Maximized target yield: ’thick’ target measurements
» Amplified beam intensity
» Maximized detection efficiency

» Long data taking periods: stability of selected energy/timing
gates

» Sensitivity to background contributions
» Statistical data analysis: signal to background ratio unity

» Experimental conditions as compared to astrophysics site: e~
screening
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L'Thick' Target Approach

12C + 12C with the 4 MV Dynamitron tandem in Bochum

v

1 mm '2C ultra pure (99.8%) targets on steal (Faraday cup)
40 puA 12C beam
Ge detector faces target at 2 cm distance

v

v

active and passive shielding

+

15 Image sit
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Analysis Strategy and Limitations
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- —paarge » subtraction of spectra
- » modeling of background

T. Spillane et al., PRL 98, 122501 (2007)
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Analysis Strategy and Limitations
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X.D. Tang et al., arXiv:1905.02054 (2019)
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» subtraction of spectra
» modeling of background
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L'Thin' Target Measurements

Rotating Targets of Hundreds of Nanometer

» 2 puA '2C beam

» Carbon foils of tens ug/cm?

» Magnetic feed through into vacuum
v 23"24 h @ 100...200 rpm
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L'Thin' Target Measurements

Rotating Targets of Hundreds of Nanometer

» 2 puA '2C beam

» Carbon foils of tens ug/cm?

» Magnetic feed through into vacuum
v 23"24 h @ 100...200 rpm

1. 7 fixed target slots

2. 3rotating targets
@ =4.6cm
~15 cm beam track

CIRT= = = =
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L'Thin' Target Measurements

Rotating Targets of Hundreds of Nanometer

» 2 puA '2C beam

» Carbon foils of tens ug/cm?

» Magnetic feed through into vacuum
v 23"24 h @ 100...200 rpm
1. 7 fixed target slots
2. 3rotating targets

©=46cm

~15 cm beam track
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L Long Term Stability

Temperature Drift with LaBrs Detectors

input 21 ~ 3 days of data; 45 min blocks
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LCoincidence Measurements

Fast Timing for Exclusive Fusion Cross Sections

» Synchronization of 1 GHz gamma DAQ and 125 MHz particle DAQ
» Timing insufficient to resolve ToF gap between alphas and protons
» Differing energy deposition dynamics in detector substrate
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LCoincidence Measurements

Fast Timing for Exclusive Fusion Cross Sections

» Synchronization of 1 GHz gamma DAQ and 125 MHz particle DAQ
» Timing insufficient to resolve ToF gap between alphas and protons
» Differing energy deposition dynamics in detector substrate
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LCoincidence Measurements

Fast Timing for Exclusive Fusion Cross Sections

» Synchronization of 1 GHz gamma DAQ and 125 MHz particle DAQ
» Timing insufficient to resolve ToF gap between alphas and protons
» Differing energy deposition dynamics in detector substrate
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L Experimental Concepts

LStatistical Analysis of Low Counting Rates

Gamma-Particle Matrices for Fusion around the Barrier

Ealpha [MeV]
IS

PN Ll
0 0.5 1 15 2 25 8
Egamma [MeV]

» Meaningful physics spectra
» Background subtraction based on non-coincident events
Deep sub-barrier energy regime

» Reliable gates

» Statistical analysis of counts
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LStatistical Analysis of Low Counting Rates

Redefinition of the Confidence Interval

Coincidences with E, = 1634 keV' Counts.
N n = 15 (observed)
| ||l . b= Ry . Ra . tcoinc : texp

p = 12 (bker.)
N 1= n—b = 3 (signal)
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L Experimental Concepts

LStatistical Analysis of Low Counting Rates

Redefinition of the Confidence Interval

Coincidences with E, = 1634 keV'
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L Electron-Screening

Laboratory: Cross-Section Enhancement

shielding potential between target atoms and (part.) ionised beam

U. = Z12,€%/ R,
Eeff = Ebeam + Ue
< Eeft/ Epeam

COULOMB POTENTIAL

DISTANCE r
H.J. Assenbaum et al., Z. Phys. A 327, 461 (1987)

» effect more pronounced for heavier systems (a+'2C, 12C+'2C)
» experimental relative energies lower in light systems (d + d, d+°He)
» discussion about interpretation of data with light systems:

G. Fiorentini etal., Z. Phys A 350, 289 (1995)
F.C. Barker, Nuc. Phys. A 707, 277 (2002)
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L Electron-Screening

Laser Plasma Induced 3He(d,p)*He

> mIXture Of 3He and d o I:'E;I;r:;laetal (THM) 2005
heated by laser pulses o | S ]
> 14
» d+3He undergo 3 5,
= 10

"Coulomb explosion’ in
hot plasma

S (Ec.m
+

[ d+°He > *He +p

Ecm. [keV]

D. Lattuada et al., PRC 93, 045808 (2016)
» non biased measurement by electron screening
» improve error bars:

1. more precise measurement of the ion energy distribution
2. higher accuracy with particle yields
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L Electron-Screening

Astrophysical Site: Cross-Section Enhancement

shielding potential between partners from electron gas

» Debye-Hickel theory
» depends strongly on astrophysics

site
> 12C+1202

several predictions

N. Itoh etal., Astrophy.
P. Quarati etal., Astrophy.

234, 1079 (1979)
666, 1303 (2007)
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Thank you very much for your attention!
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