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Nucleosynthesis
@ Carbon burning :

— 2C4+12C  and 2C + 160
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Nucleosynthesis

@ Carbon burning :
— 12C4+'C  and 12C+ 0

Key reaction : 12C + 12C
@ Nucleosynthesis of heavier elements

@ Explosive scenario

Massive stars Supernova Cassiopeia A
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Gamow window

@ Thermal energy distribution
@ Quantum tunneling
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o 2C4+2C:Ep=15403 MeV at T =5-108K (Ec ~ 6.6 MeV)
@ Ofys ™~ pb
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Resonances
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Astrophysical S-Factor for the 12C+12C reaction

e o(E) = %exp(—27rn) S(E), where n = %‘362

@ Behavior known since 1970's

@ 12C+12C exhibits a lot of resonances
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Cluster states

@ Possible interpretation for resonant states J
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Previous measurements

@ Uncertainty + deviation in between data set
@ No data inside the Gamow window

S-factor for *C +**C

% —4— Barron-Palos (2006)
= —4— Mazaraks (1973)
Ty

Lo T icketoose (2016)

10

10"

1
10 < Hindrance
- - Fouler
Y R A S | O O Bt Gasaues
1 I Ll [
05 115 25 3 35 4 25 5
Ecm (MeV)

(A%

Z125€
S(E)=o(E) - E- exp +27rr7

(STELLA: STELlar LAboratory) IPHC/CNRS - Université de Strasbourg 24 Nov 2017 7/23



Previous measurements

@ Uncertainty + deviation in between data set

@ No data inside the Gamow window

S-factor for *C +**C

10
§ E —4— Barron-Palos (2006)
s C —4— Mazaraks (1973)
FOE f I Gidiaionss (2010)
100 s
10°
1
W07 E Fiindrance
E Fowler
10 C Gasques
L. T I A N T
05 1 15 25 3 35 4 45 _ 5
Ecn (MeV)

S(E)=o(E) - E- exp <+27r

(STELLA: STELlar LAboratory)

Z125€
hv

Standard nuclear potential

IPHC/CNRS - Université de Strasbourg 24 Nov 2017

7/23



Previous measurements

@ Uncertainty + deviation in between data set

@ No data inside the Gamow window
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Reaction rates
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The STELLA project

Experimental approach

@ Previous measurements :
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The STELLA project

Experimental approach

@ ~y-particle coincidence technique J
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The STELLA project

Experimental set-up

Particle detectors
@ Annular silicon strip detectors J

@ New PCB design with R04003C
material

@ New pin connection system

o AQtOt ~ 24% Of 47

Design and build in IPHC - Strasbourg

(STELLA: STELlar LAboratory) IPHC/CNRS - Université de Strasbourg 24 Nov 2017 10 / 23



The STELLA project

Experimental set-up

~ detectors
e LaBr3(Ce) scintillators from the UK FATIMA collaboration J

Up to 36 LaBr3(Ce) detectors

Self activity as background

@ €~ 8% for E, = 440 keV

€~ 3% for E, = 1634 keV
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The STELLA project

Experimental set-up

Targets and carbon build-up
o Ultra High Vacuum chamber

@ Thin rotating target

e Cryopump — P ~ 3-1078 mbar
o Target o ~5cm

@ Rotation > 1000 rpm

@ Designed to sustain up to 10 puA

IPHC and GANIL collaboration
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The Andromede facility

Andromede
@ 4 MV Pelletron accelerator

@ Long running period

Ejap from 11 to 4.45 MeV

puA

Rotating targets of 30 to
Located at IPN Orsay - France 75 /,Lg/cm2
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Single particle analysis

Angular matrix

@ 24 rings <> polar angle in the lab. frame

@ Strip width ~ 886 um

S3B - Without coincidences

Ring #

proton’s
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. ke!
53 design (keV)

Typical angular matrix (S3B) - Ej,p = 11 MeV
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Angular distribution

@ 24 rings — 8 ‘coupled’ rings

@ Linear background + gaussian peak

P, angular distribution
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Angular distribution

@ 24 rings — 8 ‘coupled’ rings

@ Linear background + gaussian peak

o, angular distribution
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Angular distribution

@ 24 rings — 8 ‘coupled’ rings

@ Linear background + gaussian peak
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Particle-y coincidences

Time correlation
@ Between ~v and particles acq. modules
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Particle-y coincidences

Effect on ~ spectra

@ Suppression of self-activity

Counts.

v spectrum - All LaBra
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Particle-y coincidences

Effect on particle spectra

@ Suppression of pg and «ag contributions
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Particle-y coincidences

Effect on particle spectra

@ Suppression of pg and «ag contributions
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— Estimation of the E, = 440 keV efficiency : ~ 6%
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Proton/« selection

Pulse shape consideration

@ proton/« can have the same energies

@ Rising time of the pulse depends on the particle

E versusAt - S3F E versusAt - S3B
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Particle/~ matrix

@ Projection on « axis

o Exponential bkg + gaussian peak

y projection around p2
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Particle/~ matrix

@ Projection on « axis

o Exponential bkg + gaussian peak
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Just accepted...

C.L. Jiang et al., Argonne data
@ Coincidence technique

@ Hindrance at low energy ?

S-factor
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.,
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@ Jiang et al., accepted
@ Spillane et al
= = Hindrance

= = Fowler

E.p, (MeV)
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Outlook and Perspectives

Outlook and Perspectives

Hindrance systematics

@ Shift carbon ignition towards higher temperatures
@ More neutron are then produced
@ Enhancement of long-lived v emitters 26Al and ®°Fe

@ Agreement with recent observations in deep see sediments (A.
Wallner et al.) and at the lunar surface (L. Fimiani et al)

The STELLA near future
@ Extend to other nuclear reactions important for astrophysics :

N 12C _|_l6 O, 160 +16 O,
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Thanks for your attention

J~STELLA
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