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The carbon fusion reactions in the Universe

Ignition 1n type Ia supernovae

Nucleosynthesis 1n massive
stars
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Uncertain cross section at stellar energies
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Uncertain cross section at stellar energies
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Why we focus on the g.s. channels

E.n(MeV)
‘- How to study this reaction?
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The accelerator and detectors

Low Energy Accelerator Facility (LEAF)

5

Accelerator platform:
e up to 100 puA(Spillane: 40puA) C*
* Energy spread < 0.2%
* Energy for 12C beam: 4 - 8§ MeV

Energy calibration by nuclear

reaction resonances:

* 27Al(p,y)*8Si: Er = 405.5 keV
* H(N,ay)2C: Er = 6398 keV

100%

yield : energy (N5+)

« exp_N5+(shift:6390keV)
|_10keV_1.

FWHM:0.16% 50%
AE = 50 keV
Eq = 550 keV

H(15N,em)12C

Energy(keV)

Christain Iliadis,
Nuclear Pyhsics of Stars



The accelerator and de
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Low Energy Accelerator Facility (LEAF)

LA

Beam

Accelerator platform:
e up to 100 puA(Spillane: 40puA) C*

* Energy spread < 0.2%
* Energy for 12C beam: 4 - 8§ MeV

Detection system:
 TPC: Ultra sensitive tracking detector

* Si: record energy information

tectors
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Carbon targets

* The selection of carbon target
» high-purity: very little 13C, Li, Be, B...
» very thick target, unsensitive to target declination

» stable, not easily destroyed by beam

» good conduction for heat

99.999%,
pure grapl




Analysis: Ecm=2.75MeV with graphite

Particle identification
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Analysis: Ecm=2.75MeV with graphite

Particle identification Track tracing
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v" Particle identification via energy-loss in TPC and energy in silicons
v" Tracing the origin of tracks to suppress natural backgrounds



Analysis: Ecm=2.75MeV with highly pure graphite

The Q-values for this reaction were calculated
from the angles and energies of ejections

Alpha peaks can be found with backgrounds

Counts
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Analysis: Ecm=2.75MeV with highly pure graphite
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Analysis: Ecm=2.75MeV with highly pure graphite
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Analysis: Ecm=2.40MeV with HOPG

Very low energy : Long-time measurement brings more backgrounds
but events of interests are even fewer

No signals in the natural alpha backgrounds

It's difficult for direct measurements at such
low energies

Counts

SiID
spectra w/o tracking



Analysis: Ecm=2.40MeV with HOPG

Very low energy : Long-time measurement brings more backgrounds

but events of interests are even fewer .
19 a, events in 16 hours

< 6
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The TPC+Si systerm is still effective in very-low-energy measurement!



Angular Distribution Results

The detector solid angle coverage 6: 116°-151°(c.m.)/ 100°-140° (lab.)
Differential thick target yield dYield/d can be calculated

dYield/dQ vs O,
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» Similar methods are applied to obtain the angular
distribution from E_, = 2.4MeV to E_, = 3.5MeV
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» First high-precision angular distribution
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Summary

Direct measurement of 12C+12C (charged particle measurement)

* First direct measurement of a; channel below 2.5 MeV indicates new resonances

* Analysis of angular distribution in large energy range

* Complementary to direct measurements (eg. gamma ray, particle-gamma) of other
reaction channels

* New reaction rate ~ CF88/3

dIndirect+Direct measurements +theoretical extrapolation are essential

e Direct measurements will help theories(eg. AMD) and indirect measurements (THM,
24Mg(a,a’))to provide a more reliable prediction

 Experiments for lower energies and more channels are needed

e Collaboration will end up with better science!
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CARbon FUSion Experiment (CARFUSE) @LEAF, IMP




Backups
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Legendre polynomials can be used to describe the variation of the differential cross
section with respect to the angle.
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Detectors
Time Projection Chamber(TPC)

How to get tracks How to get the loss energy
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* Charged particles ionize electrons from working gas(mainly He+CO, )

* Electrons drift to the and are multiplied, the position and signal amplitude are recorded



Event selection
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By track tracing, we know where this track comes from
 Cosmos rays and natural background are thrown
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* Beam intensity up to 100 puA on target(Spillane: 40puA) i
* Energy spread <0.2%
* Energy for 12C beam: 4 - 8 MeV



Analysis: Ecm=2.75MeV with highly pure graphite
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Analysis: Ecm=2.40MeV with HOPG
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Preliminary.res
Thick-target yield
Thick target can be seen as an accumulation of an infinite number of very thin targets

yield of thin layer of target with thickness of D:

Y = NyoD = N.o

total yield for target of thickness D:

D R(E,)
‘ Y =NVJUJ(E)dI - NVL o(E)dz
AYield AYield B ] d E
vaJE,JG(E) (dE[dx)
So
Eﬂ
Y(E) = Ny’ [J(E) \E

E(x): E,
Stopping power

For this experiment, we used infinite thick target with so high beam intensity



Preliminary.res
Thick-target yield
Cross section of reactions can be obtained by differentiating the yield of thick target
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This is how we calculated the cross section from the fit-curve of thick target yield



