
Carbon Burning: Theory, Astrophysics and Experiments

30 June- 2 July 2026.

Aliya Nurmukhanbetova

R-matrix studies of 
the 12C + 12C reaction

02 July 2026- Padova, Italy

Asfin2 group @ Astana

Nazarbayev University

1



Astrophysical Motivation

https://www.asianscientist.com/2016/05/in-the-lab/type-ia-supernovae-radioactive-cobalt-57/

The carbon-carbon fusion is an 

intriguing topic in nuclear 

astrophysics.

• Evolution of massive stars

• X-ray superbursts

• Supernovae (type Ia) …
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2025: Recent resonant studies of “ 12C+12C fusion reaction” via TTIK 

approach

Weike Nan et al, Physics Letters B 862, 139341 (2025) 

Ec.m.>3 MeV

23Na+p-->24Mg*-->23Na+p
                             -->20Ne+α

3



Indirect measurement with THM down to 1 MeV

INDIRECT APPROACH

A. Tumino et al, Nature 557, 687–690 (2018). 4



Direct reactions

o 12C(13C,n)24Mg reaction

o 12C(13N,p)24Mg reaction

C. Volant et al., Nucl. Phys. A 238, 120 (1975).

o ¹²C(¹⁴N, d)²⁴Mg reaction
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12C(14N,d)24Mg reaction 26Al compound nuclei are formed

C. Volant et al., Nucl. Phys. A 238, 120 (1975).
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Compound or Direct transfer reaction?

K. P. Artemov, V. Z. Goldberg,  Phys. Lett. B 149, 204 (1984). 7



Compound or Direct transfer reaction?

o 12C(14N,d)24Mg*(α+20Ne)

K. P. Artemov, V. Z. Goldberg,  Phys. Lett. B 149, 204 (1984). 8



  Astrophysical energy: Ec.m.=1 – 3 MeV

The main reaction channels of 12C+12C reaction are

12C+12C→23Na+p+2.2 MeV            12C+12C→20Ne+α+4.6 MeV
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DIRECT VS INDIRECT APPROACH (12C+12C)

Ec.m.>2.3 MeV                                                          Ec.m.=0.8-3.0 MeV 

 

T. Spillane et al., Phys. Rev. Lett. 98, 122501 (2007). A. Tumino et al, Nature 557, 687–690 (2018). 
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Trojan Horse Method

The THM is an indirect technique with which to measure low-energy nuclear reactions 

unhindered by the Coulomb barrier and free of electron screening.

The THM  is a two-step reaction 

proceeding through the intermediate 

resonance. 

1) The first step is the transfer 

reaction a + A → s + C∗ populating 

the resonance state C∗, which on the 

2)The second stage decays into the 

two-body channel b + B

The 24Mg decay into p+23Na and α+20Ne were studied using the Trojan Horse Method 

applied to the three-body processes, where 2H from 14N acts as a spectator.

A. Tumino et al, Nature 557, 687–690 (2018). 
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Selection of the three-body channels

A. Tumino, oral presentation at the Carpathian Summer School of Physics 2025.
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The study reported in Ref. [*] provides the reaction cross section, 

together with information on the spin-parity, spectroscopic factors, 

and etc. The next step was to understand how these results are 

consistent with general picture of available information on the 

states of ²⁴Mg.

[*]A. Tumino et al, Nature 557, 687–690 (2018). 
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R-matrix analysis
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R-matrix analysis
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R-matrix analysis
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R-matrix analysis
The R matrix analysis enable us to specify

level parameters of the spins were suggested.

• The reduced widths of  many states in 
24Mg are close to the Wigner limit. This 

means they can be considered as 12C+12C 

cluster states.

• Similar cluster states were already 

observed at higher energies in the 12C + 
12C system (D.A. Bromley et al., Phys.

Rev. Lett., 4, 365 (1960).

• We can consider it as a hint that such 

states also exist at lower energies.
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Conclusion

• The pioneering study of the 12C(14N,d) reaction has provided new and 
important results for the study of the 12C+12C system.

• Further investigation of the reaction mechanism is needed  for better 
understanding of the (14N,d) process.

• The available results are consistent with each other and indicate the 
presence of an interesting cluster structure near the 12C+12C threshold.
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