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Nuclear Reaction Data File for Astrophysics

Reaction rates of theoretical 
evaluation for astro-nuclear 
reaction

 NRDF/A bibliographic  database   

NRDF/A datafile

Development of publication 
system for NRDF/A datafile
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Nucleosynthesis

Synthesis of Elements in Stars (1957)
E. M. Burbidge, G. R. Burbidge, W. A. Fowler and F. Hoyle

Big-bang nucleosynthesis
Light nuclei(A<8)

Evolution of star
pp-chain
CNO-cycle
NeNaMgAl -cycle

s-process(Slow)
r-process(Rapid)
p-process(Photon or Proton)



NRDF/A Astro-nuclear reaction compiled file

Compile Theoretical and Experimental data
 in the world

* Cross section
* Astrophysical S-factor
* Reaction rate
* Resonance width
* Scattering phase shift
     etc ...

* H to Si region

* Particle and 
Photo induced 
reaction



NRDF/A Bibliographic database (2008-)

Reaction, NSR key number, Doi, Ref, Author, Title, Key word... 

URL http://www.jcprg.org/

Reaction : about 190

Record : about 7000

Light nuclei reaction

http://www.jcprg.org
http://www.jcprg.org


NRDF/A Evaluation (2009-)
1. Evaluation based on nuclear structure model

2. Evaluation based on reaction theory

Orthogonality Condition Model(OCM)
+

Complex Scaling Method(CSM)1,2

Continuum-Discretized Coupled-Channels method
(CDCC)3

When reaction cross section is not measured by 
the experiment, it is necessary to evaluate the 
cross section for theoretical approach in 
astrophysical reaction.

Ref. [1] T. Myo, K. Kato, S. Aoyama and K. Ikeda, PRC 63 (2001).
       [2] S. Aoyama, T. Myo, K. Kato and K. Ikeda, PTP 116 (2006).
       [3] M. Kamimura, M. Yahiro, Y. Iseri, Y. Sakuragi, H. Kameyama and M. Kawai, PTP Suppl. 89 
(1986), 1

http://ptp.ipap.jp/link?PTPS/89/1/
http://ptp.ipap.jp/link?PTPS/89/1/
http://ptp.ipap.jp/link?PTPS/89/1/
http://ptp.ipap.jp/link?PTPS/89/1/


☆ Orthogonal condition model(OCM)

OCM take into account the Pauli principle.

�χ|χF � = 0Hrelχ = Eχ

Hrel =
�

i=1

Ti − Tcm + VN + VC + λVF

Schrodinger eq.

Hamiltonian
To satisfy the Pauli principle.



☆ Complex scaling method(CSM) Ur → reiθ

Uk → ke−iθ

Solution of Hamiltonian
Bound state
Unbound state Resonant st.

Continuum st.

2θ

Im(E)
Re(E)

H(θ) = U(θ)HU
−1(θ)

Φ(θ) = UΦ = ei 3
2 θΦ(reiθ)

H(θ)Φθ = E
θΦθ

Eθ = Ere − iΓ/2

{ {
Ref. S. Aoyama, T. Myo, K. Kato and K. Ikeda, PTP 116 (2006).



16O+N Hamiltonian

VN = V (r) + V (r, r�) + Vls(r)

core-n folding potential is defined as following : 

T : kinetic operator
VN : Nuclear potential
VC : Coulomb potential
VF : Pauli pseudo-potential

Hrel = T + VN + VC + λVF

Example : 16O + N

�j

16O n or p

I=0+
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The core+n potential is  reliable for the low-lying 
positive-parity states.
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Expt.  C. H. Johnson et al., 
PR 162, 890 (1967)

Results of 16O(n,γ)17O reaction

Ref: K.Y, H. Masui, K. Kato, T. Wada and M. Ohta, PTP 121 (2009), 375.

Experiment Theory
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p-wave to17O(5/2+)

p-wave to 17O(1/2+)

The wave function of the p-scattering and 
bound states are reliable.

For the reaction, reliable wave function 
16O(n,γ)17O capture cross section

Ref: K.Y, H. Masui, K. Kato, T. Wada and M. Ohta, PTP 121 (2009), 375.
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Results of 16O(p,γ)17F reaction
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Ref: K.Y, H. Masui, K. Kato, T. Wada and M. Ohta, PTP 121 (2009), 375.

Experiment Theory



Astrophysical S-factor
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Summary and Future plans

Our method well reproduce the 
experimental data at low-energy.

We will perform the systematic evaluation 
for isotope and isotone using OCM+CSM.

We evaluate the 3-body reaction.
a+a+a→12C a+a+n→9Be a+a+p→9B



Thank you for your attention


