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Burning phases in massive stars
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Carbon burning: a crucial phase in the stellar
nucleosynthesis

» keyreactions at each stage of
stellar burning
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Fusion reactions at thermonuclear energies

charged particles == Coulomb barrier energy available: from thermal motion
v ] Coulomb potential
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Cross-sections for some light systems at subcoulomb energies
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lkeda diagram from microscopic calculations
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Carbon burning: '2C + 12C, the main reaction
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Carbon burning: '2C + 12C, the main reaction
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https://doi.org/10.1038/541586-018-0149-4

An increase in the 2C + '*C fusion rate from
resonances at astrophysical energies

A. Tumino®%*, C. Spitaleri>3, M. La Cognata?, S. Cherubini®?, G. L. Guardo®*, M. Gulino"?, S. Hayakawa?®®, I. Indelicato?,
L. Lamia®3, H. Petrascu®, R. G. Pizzone?, S. M. R. Puglia?, G. G. Rapisarda?, S. Romano®?3, M. L. Sergi?, R. Spart4? & L. Trache*

BNa+p, ]

1.0 1.5 2.0 25 3.0 1.0 1.5 2.0 25 3.0
E.. (MeV) E . (MeV)




12C+12C cross-sections , sources of uncertainties
nb to pb range

Detection of charged particles, p and a:
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L) ’y New technique

Particle-y coincidences
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New technique

Particle spectra, E,, = 10 MeV, ¢ ~5
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New technique
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New technique
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Results

Gammasphere runs Ejqp = 5.5 — 10 MeV, luax-12c = 600 pnA
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New challenges

Increase beam infensity

Adapft target system

Use of the yparticle coincidence technique with
better gamma efficiency
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Particle detection

Annular DSSD, MICRON chip
Collab. York

New PCB design / ceramics
New pin connectors

AQ ~ 24 % of 4r.



Particle detection

Annular DSSD, MICRON chip

New PCB design / ceramics

New pin connectors

AQ ~ 24 % of 4r.




Gamma detection

« Up to 36 LaBr; detectors
from the FATIMA collaboration
(P. Regan et al.)

« Cylindrical geometry
IPHC designed mechanical

support,
Strabourg + York construction

Self activity

“SPL = 8% @ 440 keV
* £=5%@1634keV

Design IPHC : G. Heitz / M. Heine



Design IPHC : G. Heitz / M. Heine

Gamma detection

Up to 36 LaBr; detectors
from the FATIMA collaboration
(P. Regan et al.)

Cylindrical geometry

IPHC designed mechanical
support,

Strabourg + York construction

Self activity

€ =8% @ 440 keV
£=5% @ 1634 keV



Targets

Cryogenic pumping

Fixed target system

Rotating target (> 1000 rpm)

| > 1 puA

Collaboration ;: IPHC and GANIL

s il
BRI

M. Heine et al., submitted to NIMA
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Targets

Cryogenic pumping

Fixed target system

Rotating target (> 1000 rpm)
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M. Heine et al., submitted to NIMA



DAQ

uTCA system (CERN)])

96 channels

125 MHz clock

« Synchronized with the FATIMA
DAQ.

il

M. Hem\e“ Iv\ Rud|g|er

M. Heine et al., submitted to NIMA



Andromede facility, University of Paris-Sud - Orsay
4 MV Pelletron

ECR Source

2Cupto 10 uA



Ring #

Results of the 15" run
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Counts
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Results of the 15" run

Y spectrum - All LaBg
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Counts

Results of the 15" run

Coinc.y spectrum - All LaBr3
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Results of the 15" run

Particle spectrum
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Results of the 15" run
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Timing and background ...
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Conclusions

Succesfull comissioning of the
STELLA + FATIMA experiment

12 energy points explored
Eop =1110 5.6 MeV
consistent with previous work

Succesful test of the rotating
target system

Data under analysis

High intensity phase (12C+12C,
|> 1 uA): Sept. - Dec. 2017

Ofther systems in the coming phases



Conclusions

... astrophysics ¢

Results from the
Gammasphere run

« Reduced reaction rates match
the observed 26Al abundance in
the Galaxy.

« And, it also leads to a further
enhancement of the ¢Fe
production in the Galaxy

D K. Knie et al., Phys. Rev. Lett. 83
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