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Stellar formation of carbon




Stellar formation of carbon

» Stable carbon only formed following

oc 12C Carbon production
(0.04%) radiative decay

o Hoyle state _
a@ SBe / 7.65MeV o The 30 reaction rate:
Ve @ ]EZ E0
/ —— 2 4.44 MeV T3q & 1-11“&1(:1 ) exp(_E 30:/ kBT)
ol (99.96%) olfs and Rodney,
@ EZ (Rolf d Rodney, 1988)

e Cannot be measured directly!




Traditional method

[raq =
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* Indirectly determined by 3 measurements

* Have to consider proton and y angular distributions

Is there another way?



Proposed method

o Hoyle state

7.65 MeV
j E2 | EO
5

4.44 MeV

w—i

IZC

Out of the ~0.04%
Gg4(E2) = 98.5%
G,(E0) = 1.5%
G,(E2) = 0.088%
Ge(E2) ~2.5E-5%
G:(E0) ~1E-5%

[radq = [, (E2) + T (E2) + [ (EO)
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Proposed method

oo Hoyle state

7.65 MeV
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Out of the ~0.04%
Gg4(E2) = 98.5%
G,(E0) = 1.5%
G,(E2) = 0.088%
G (E2) ~2.5E-5%
G:(EO) ~1E-5%

[raa = Ty (E2) + T (E2) + I (E0)

- (=2 ! 1)+1|- I, (EO
F“E'd_[(FH(EO))'(acn(EZ)Jr )+ ] 0

* Two direct measurements
* PCC known with =1 % uncertainty [1]

* No alighment, same experiment

[1] P. Schliiter et al., Phys. Rep. 75 (1981)



Motivation

The 3a rate is significant for

* elemental abundances

e properties of supernova explosions

e dynamics of asymptotic giant branch (AGB) stars
* the s-process of heavy elements

* the weak s-process in massive stars

An accuracy of 5% is requested
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Motivation

The 3a rate is significant for

* elemental abundances

e properties of supernova explosions

e dynamics of asymptotic giant branch (AGB) stars
* the s-process of heavy elements

* the weak s-process in massive stars

An accuracy of 5% is requested

Current uncertainty: ~10 %
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Experiment
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Six 9 mm thick Si(Li) segments
Stops electrons up to 3.5 MeV

Baffle system shields against y rays

Charged particles transported by the
magnetic field

Gammas monitored by a HPGe detector



Experimental details

o Hoyle state

7.65 MeV
12 | ~ l E2 | EO
2 mg/cm? C’-‘ 2 4.44 MeV
E2
®p
{]‘FA

10.5 MeV -
500-800 nA C



Experimental details
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Experimental details

* Require coincidence:
Segment energies + times

* yenergy

* Magnetic field
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Sampling
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Relative pair efficiency

No practical sources, have to rely on theory and simulation:
* Born approximation with Coulomb correction

 Depends on multipolarity, positron energy, separation angle
o Hoyle state

dzPﬂ' (XL) = \Ez 5 4.44 MeV
dE,+dB

IZC



Relative efficiency — Step 1: Emission
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Detected pairs
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Relative efficiency — Step 2: Transmission
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Experiments
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>4Fe(p,p’) @ 6.9 MeV
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Preliminary results
April 2016



April 2016
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Time differences
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Results
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Results

[(E2) _467(93) 55891 104 126
[L(E0) 729(90) 8.3121-10~* 343

= 0.158(37)

[raq = I (E2) ! +1)+1|-0.(E0)
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T. Kibédi et al., Nucl. Instr. and Meth. A 589 (2008)



Results
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Summary

* Both pair transitions from the Hoyle state measured for the first time!
[(E0) and I (£2) are 65 and 1100 times smaller than I (£2)

* Large background around the 3.2 MeV E2
Scattering or timing issues?

* The deduced T, is ~3 times larger than previous values

Outlook

* Improve the time resolution, hopefully reduce the background
* Simulations to investigate scattering and secondary radiation, improve baffle system
* Another experiment this fall
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