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Carbon burning reactions in the stars

Carbon burning in massive stars

I\:IASA/CXC/ I:;SU/L . .
X-ray binaries

Ignition phase of Type la
supernovae AR

1000 km

Time: 1.323 5 University of Chicago Flash Center
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X-Ray Bursts and Superbursts
Accreting neutron star
M~1-2MO

R ~ 10 km
P ~ 10" g/cm’

Accretion rate ~
0.5-50 kg/cm?/s of H or He

, . ] | : H.He

*H and He burning (rp-process) T
atmosphere =

*X-ray burst lightcurves ~ 10 sec — minutes ——— |

X 4
ANS [HXX) OBSERVATION OF X-RAaYy | OCCHan .
BURST FAOM NGC €824 [2UI520~-30) ‘L.

Lo d
b”mh"-q[wé nner crust
H. Schatz
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What powers the ‘superbursts’?

Deep burning: Carbon fusion

Fusion of neutron-rich light nuclei
(C, O, Ne) °C + 2C...#*C + **C

D.G. Yakovlev et al., Phys. Rev. C 82, 044609 (2010).
X.D. Tang et al., J. Phys.Conf. Ser. 381, 012120 (2012).

H. Schatz

05/15/2014
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MUSIC
MUIti-Sampling Ionization Chamber

*Medium size high efficiency active target / gas-filled detector
*Measurement of energy losses along a particle track

*Measureme

Anode To
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2C experimental campaign
Radioactive beam production at ATLAS:

10,12,13,14,15~

In-Flight technique = 4C: H('B,'C)n: 500/s
] e 2 10 11 o
0B, E~ 80 MeV__, | Y ["C: ‘*H("B,"C)n]: 2000/s
~ 100 pnA 7 "= IC
(ent;?g?: gﬁgorrnge. [ 13C

debuncher) ] :
Al

[ 14C
5C: TH(“C,5C)p: 2000/s

Multiple  gyherconducting

gas cells solenoid

Debunching

resonator
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Event-by-event analysis

Beam signal
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MUSIC performance with Radioactive 1on beams
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Results
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What powers the ‘superbursts’!

0 [

PHYSICAL REVIEW C 82, 044609 (2010) 60 =
80 ———— Simple analytic model for astrophysical § factors
N 40
B D. G. Yakovlev
n - o B 240 48 g
o5 L 20 8 10C +20Mg
24C+24C
I 10C410C
0 1 1 1 | I | 1 | 1 | 1 1 1 1
0 10 20 30

E [MeV]

C, + CoE + C3E + C4E3}

log S [MeV barn]
0
o

B 2
S(E) = exp {81 +BE+BE + — +exp[(Ec —E)/D]

15
10C - 10C -
* o(E) = E exp(-21)S(E).
10 L1 1 1 I L1 1 1 I L1 1 1 1
0 5 10 15 20
E [MeV] n= Zaf.qez || H |
M. Beard et al. /Atomic Data and Nuclear Data Tables 96 (2010) 541-566 fi 2E
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What powers the ‘superbursts’?
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S

Measurements of Fusion Reactions of Low-Intensity Radioactive Carbon Beams on >C
and their Implications for the Understanding of X-Ray Bursts

P.F.F. Carnelli,"*" S. Almaraz-Calderon,' K. E. Rehm,' M. Albers,' M. Alcorta,”” P. F. Bertone,"’
B. Digi(::vinfc‘,,1 H. Esbensen,' J. O. Ferndndez Niello,* D. Henderson,' C.L. Jifmg,1 J. Lai,” S.T. Marley,l""
0. Nusair,' T. Palchan-Hazan,' R. C. Pardo," M. Paul,” and C. Ugalda1
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Summary

We have performed the first measurements of the total fusion cross
sections in the systems '*'*"’C + "*C using a new active target-detector
system.

In the energy region accessible with existing radioactive beams a
good agreement between the experimental and theoretical cross
sections 1s observed.

Digital MUSIC
Measure exit channels
12CH4+ 14,16,18,19,200

12(:H4 + 20,21,22,23,24Ne

20,22Ne + 20,21,22,23,24Ne

208Pb + 20,21,22,23,24Ne

Future work
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