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 Astrophysical Motivation — Importance of *2C + 12C

e 12C + 12C via particle spectroscopy (CIRCE Caserta/Napoli)
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* Results
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Motivation — Stellar Evolution

Nuclear burning stages

(e.g., 20 solar mass star)
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Astrophysical consequences and implications M
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Astrophysical Motivation *2C + *2C fusion M

Results of current Stellar Models suggest:

= minimum mass for carbon ignition

— Impact on the Nucleosynthesis and the chemical evolution of
the Universe

— the expected observational rates for Supernovae and Novae
depend on the fundamental mass limits M, and M"
and, thus on the ?C+'?C reaction rates




Carbon Burning in Stars M

Wide range of possible heavy ion reactions — at low energies most important: 12C
+ 12C (lowest Coulomb Barrier)
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present experiment

Level Scheme - y-ray spectroscopy
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present experiment

Level Scheme - particle spectroscopy
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Experimental Results — total S-factor
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Advantages of y-ray spectroscopy approach:
- very easy
10° - ,clear” signature of y-lines

Disadvantage:
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g 10 - unknown angular distribution
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Setup - Accelerator

CIRCE Accelerator

Tandem Accelerator
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Experimental Setup - particle spectroscopy

Thick silicon detector

Copper tube and suppression grid
Thin silicon detector ~\ /

Target cooling

/ High purity12C beam

T—— Vacuum

| T Detectors cooled by cryostat

Graphite Target

preliminar tests wth single detector:

— beam induced background
too high at lower energies

— AE-E patrticle detector telescope
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Experimental Setup - particle spectroscopy KLE

Completely separate detector volume from target using foils and sheet metal
— Target sputtering causing large leak currents on silicon detectors




Experimental Results - particle spectroscopyM

o 3
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Background Considerations &

disadvantage of particle spectroscopy:
very poor energy resolution
from kinematics as well as experimental technique

—> background discrimination not as ,easy" as for y-ray spectroscopy

—> test with various beams and targets (’Li, °Be, 10.11B, 13C)
no impact observed so far

but:
water, i.e. deuterium, remains as a huge problem

14
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Background Considerations

In y-ray spectroscopy measurements main source of background

12C(d,py)ISC or d(2C,py)!3C

—> Proton from this contaminat reaction too low in energy

but:

—> Elastic scattering under forward anlges d(12C,d)*2C

—> followed by 12C(d,py)13C, but then at higher CM energy

15



Background Considerations &

E [channel]

deuterium (water)
contamination

graphit target
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Background Considerations M

In y-ray spectroscopy measurements main source of background

12C(d,py) 12C or d(12C,py)13C

Proton from this contaminat reaction too low in energy

but:

Elastic scattering under forward anlges d(*°C,d)*C
followed by *2C(d,py)*3C, but then at higher CM energy
— higher proton energy, in the region of 12C(12C,p)23Na (!!!!)

—> checked with 180 beam (advantage: contamination can be monitored)
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Background Considerations &

in y-ray spectroscopy main source of background *2C(d,py)3C or d(*°C,py)t3C

Improvements:

— all vacuum components in CF — on vacuum level of 107 mbar a build
up of water is likely, at 10-° mbar sputtering is fast than the build up

—> radon” box: experimental setup closed in a box flushed with argon
suppression of hydrogen and nitrogen (water to a lesser extend)

—> HOPG targets: graphite almost free of hydrogen and oxygen

— cold trap with liquid nitrogen (suppression of water)

Impact on the a-channel: hydrogen suppression is probably a huge problem
due to the gas in Bragg detectors, hydrogen in the rest gas cannot be avoided,
but most likely there is no similar contamination in the a-channel.

However, you never know before you did the experiment at such low-level

18



Preliminary New Results (very recent) M
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Preliminary New Results (very recent) M
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Future measurements — o-channel

Bragg chamber upgrade

Aluminized mylar collecting anode
Tsobutane oz (2235 mb) \

3.4 micron aluminized mylar window

Alpha stopped 1n gas

Proton stopped 1n silicon

/— Gas in

[~

Equipotential puard rings

Silicon detector {Erest)

Larger solid angle than current telescope
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Summary of Presentation M

The 12C + 12C fusion reactions at astrophysical energies

« 12C + 12C Experiment with y-ray spectroscopy
- completed in 2007

« 12C + 12C Experiment with particle spectroscopy
- partly (proton channel) on the way, we had to learn a lot ...
- o channel to be done next year

e exciting results — discovery of new resonances (?)

 Astrophysical Implications:
- stellar evolution — impact on nucleosynthesis
- supernovae rates ??

e room for improvements with new measurements
- Underground Laboratory
- high intensity accelerator

22
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additional slides
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Perspectives for Underground Accelerators
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Benefit of an Underground Laboratory

RUH]|

In y-ray spectroscopy
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Benefit of an Underground Laboratory

counts /h/keV

28




ABICTEADR A

Benefit of an Underground Laboratory

RUH]|

Example: 3He+3He experiment at LUNA
e surface
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Improvements Underground

RUH]|
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Extraction of S-factor from thick target M

Thick target yield — o(E) (and S(E))
All energies up to the beam energy are represented in the yield:
= o(E)

Y (Ep) ~ /0 <(E) dE S(E) = 0(E)E x exp (2mn + gE)

-

Point-to-point differentiation is one method to extract o(E):

A
Y®(E)— Y(E—-A) ~——0(E
Advantages: Disadvantages:
o Allows for thick targets @ Small A required

@ Narrow structure resolved @ Differentiation propagates error
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After beam Before beam

Target sputtering causing large leak currents on silicon detectors

32
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hydrogen at/cm3
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Yield[arb], Rutherfrd Cross sedion [am)]

Flattenng effect of acattering in the two step process
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Yield [protons/12C]

_1D—1'.'

_1D-1E -
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Future measurements — o-channel

RUH]|
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Experimental Results - y-ray spectroscopy M
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Experimental Results - y-ray spectroscopy M
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