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On the carbon and oxygen burning

e '2C+2C, 12C+180 and '0+1%0 play an Nucleosynthesis
important role during the late stellar evolution in massive stars
burning phases

e |n massive stars this reaction, 2C+°0,
appears both during the C and also during the
O burning phases.

e During C burning the O is highly present in
the star, making the contribution of the
12C+'%0 to not be ignored

e During oxygen burning, photodissociation of
180 appears: 0 +Y - 2C +

e These reactions and the speed with which
they happen defines the next burning phases
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On the carbon and oxygen burning

J. Pellumaj

White dwarfs are made of C and O

Type la supernovae are a consequence of explosive carbon burning, so
12C+'2C remains the main reaction which triggers the explosion

The role of the '°C+'°0 depends on the amount of O, temperature, density
and the fusion rate of "?C+'%0

The 2C+'°0 will influence the explosion nucleosynthesis, affecting the
chemical composition left behind the star

Studying ?C+'°0 is important as it is to measure the competing '*C+'2C and
160+16O

Ignition condition in
type la supernovae
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Fusion Hindrance and its threshold
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The x-section of fusion reactions is governed
by the penetrability of the nuclei through the
Coulomb barrier

The study of fusion reactions at the energy
range of astrophysical interest becomes
difficult due to low cross-sections
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Hindrance is the sudden drop of fusion cross
section at sub-barrier energies compared to
standard Coupled Channels calculations.
Hindrance threshold is the energy at which
the drop of fusion cross section is observed
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Previous work on the 2C+'°0

e Might the current available data already indicate the appearance of hindrance
effect?

e Resonances appear at 3.9 and 4.4 MeV suggested to be related to the
existence of cluster resonance structures

e Measurements with smaller uncertainties are needed to help and clarify such

suggestions
X. Fang et al,. Phys. Rev. C 96, 045804 (2017)

e The fit presented here 12¢ + 160
Is certainly not unique,
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Measurements in Legnaro for astrophysics purposes

e C(Coincidence measurements between
gamma-ray array like AGATA and silicon

detectors such as EUCLIDES or SAURON T T
Allowed measurement of cross sections "
down to nanobarns e, G , e

e An example is the measurement in >C+28Sj 5

e Electr. Deflector
e Agata+DSSD
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The study of ">C + °0O reaction

Reaction

Beam: '°0, [25-80] enA
Target: '°C, 0.05 mg/cm?

Beam energies: 17.5, 12.2 and 9.28 MeV
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Three main reaction channels
12C(1%0,p)”’Al  Q=5.17 MeV
12C(1%0,a)**Mg Q=6.77 MeV
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The study of ">C + °0O reaction

/SAURON I

The set-up is completed by two annular DSSD,

placed upstream and downstream of the target
e The DSSD cover the angular ranges

0,,,=139.6° -162.7° and 23.0° — 40.4°

e PSA to discriminate between protons and alpha

\_ particles -

300 475 Mev 160 +12C
g ' : alpha
8 /
5
£ "

2 4 6 8 10 12 14 16
E (MeV)
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The study of ">C + °0O reaction

/ AGATA I

e A full sphere of 180 segmented HPGe detectors

e Track the path of y rays inside the detector

e Higher sensitivity and large coverage of the solid
angle

e In our configuration AGATA was composed of 28

\_  crystals

— measured

791 keV deposited in segment B4
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The study of ">C + °0O reaction

/Monitors \

e Allow normalisation between the different runs by
measuring the Rutherford scattering
e Two 50 mm 2 silicon monitor detectors were
\ installed at 6, =12° and 50 cm from the target
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The study of ">C + °0O reaction

: : ‘ Mg
The only two fusion-evaporation channels - l. l »
present at low energies in '°C + 180, are 50 n 2
the 1p and 1a channels, leading to ?’Al 40 “ .L;
and **Mg, respectively. 30 :' 1 ‘) . r
20 1} l’ k ! \ 2°
. | | ¥
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- Evaporated proton and a particles identified by 2 4 6 8 10 16 18
pulse shape analysis, plotting the maximum of the Ei.s (MeV)
signal derivative vs their energies
- Energy spectrum of the corresponding proton
and a particles. The structures are particle groups
populating the 2’Al and ?*Mg residual nuclei.
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The study of ">C + °0O reaction

Excitation energy [MeV]

Excitation energy [MeV]
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- Q, p energies vs y-ray energies
- the main y-transitions of several
ER can be identified

- y-ray spectra obtained at 17.5 MeV
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Some first results from our measurement

e Preliminary results show a good
agreement between the previously
measured fusion cross section for 102+ : s
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Some first results from our measurement
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Preliminary results show a good
agreement between the previously
measured fusion cross section for
the 2C+'°0

At 7.5 MeV in CM the uncertainty of
the measured cross section from
this work is a few times smaller with
respect to the literature data
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Some first results from our measurement
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Preliminary results show a good
agreement between the previously
measured fusion cross section for
the 2C+'°0

At 7.5 MeV in CM the uncertainty of
the measured cross section from
this work is a few times smaller with
respect to the literature data

At 5.2 MeV in CM, it worth to note
that in the current result the
coincidence of AGATA with
SAURON at forward angles is not
yet analysed, which will resultin a
reduction of the uncertainty of the
measurement
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Some first results from our measurement

e Preliminary results show a good
agreement between the previously
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e The cross section at 4.0 MeV has o [Mex]
still to be extracted
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Conclusions and future perspective

e The "?C+'®0 fusion cross section has
been measured at sub barrier energies

with the aim of improving the existing 1024 oG ae®
data in this system - VAU otk ...... o
e Measurements were performed at = 100_3 .."
three different energies: 7.5, 5.2 and |= 5 -
4.0 MeV in the center of mass S 107! -
- L8]
U L ]
e AGATA coupled with the SAURON o W K
detectors was employed in the setup to 6 1572, £
reach the needed channel selectivity O =
10—4_ “
e Analysis ongoing: at the moment : r‘<—
focused on the data at 5.2 and 4.0 MeV - - —
in CM 3.5 4.0 45 50 55 6.0 6.5 7.0 7.5 8.0
Ecm [MeV]
e A new measurement is being planned
for the next campaign of AGATA at LNL
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